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Preface 


THIS  VOLUME  of  CDC  55252,  Metal  Fabricating  Specialist,  contains  information  about 
the  foiiowing  subjects:  base  civil  engineering  organization,  career  progression, 
publications,  activities  management,  resources  management,  shop  mathematics,  and 
characteristics  of  metals.  The  other  volumes  in  the  course  include:  Volume  2,  Sheet  Metal 
Tools  and  Equipment:  Volume  3,  Layout  and  Duct  Systems'  Volume  4,  Installed 
Equipment,  Doors,  and  Hoists:  Volume  5,  Oxyacetylene  Welding:  Volume  6,  Electric 
Welding:  and  Volume  7,  General  Contingency  Responsibilities. 

When  you  successfully  complete  the  seven  volumes  of  this  course,  you  will  have  the 
knowledge  you  need  to  perfomi  your  duties  as  a  metal  fabricating  specialist.  By 
performing  the  exercises  before  you  look  at  the  answers,  you  learn  to  master  the  contents 
of  the  course.  Then  when  you  combine  the  knowledge  gained  with  the  practical 
experience  you  get  on  the  job,  you  earn  success,  prestige,  and  promotions  that  are 
awaiting  you. 

Code  numbers  appearing  on  figures  are  for  use  by  preparing  agency  only. 

The  inclusion  of  names  of  any  specific  commercial  product,  commodity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the 
Air  Force. 

Call  the  author  between  0800  and  1600  CT,  Monday  through  Friday,  to  get  an 
immediate  response  to  subject  matter  questions  which  come  up  while  you  are  studying 
this  course.  Or  you  may  write  the  author  3770  TCHTG/TTGIC,  ATTN:  MSgt  Thomas  P. 
Kelley,  Jr.,  Sheppard  AFB  TX,  76311.  Sending  subject  matter  questions  to  ECI  only 
slows  the  response  time.  You  should  also  tell  the  author  about  subject  matter  and 
technical  errors  (except  minor  printing  errors)  that  you  find  in  the  text,  the  volume  review 
exercises,  or  the  course  examination.  This  will  help  the  author  to  keep  up  with  changes 
that  must  be  made  when  the  course  is  revised. 

Consult  your  education  officer,  training  officer,  or  NCO  if  you  have  questions  on 
course  enrollment  or  administration.  Your  Key  to  a  Successful  Course,  and  irregularities 
(possible  scoring  errors,  printing  errors,  etc.)  on  the  volume  review  exercises  and  course 
examination.  Send  questions  these  people  can't  answer  to  ECI,  Gunter  AFS  AL  361 18, 
on  ECI  Form  17,  Student  Request  for  Assistance    ,V07     Do  ve  /  ,  , 

Progn'     o  sifhmir  (  orrr'^'tions for  prir^'^'    .yr  .</       /  /> 

»iunic  Ks  ^aiucd  at  24  hours  (6  points). 

--ial  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  January 

1984. 
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CHAPTER  2 


Management  of  Activities  and 
Resources 


THE  MANAGEMENT  philosophy  of  the  Air  Force 
includes  getting  maximum  efficiency  for  each  dollar  spent 
while  reaching  planned  objectives.  This  means  that  human 
resources,  material  resources,  and  financial  resources  must 
be  used  in  the  most  effective  way  to  meet  the  goals  of  the 
organization.  As  you  supervise  people  working  on  your 
base,  you  should  ask  and  answer  these  two  questions,  ''Are 
the  jobs  being  done  well?  and  ''Is  there  a  better  way  to  do 
them?" 

The  key  to  improving  jobs  is  not  necessarily  an  attempt  to 
speed  up  work  by  prodding  people.  Substandard  work  may 
be  brought  up  to  standard  by  planning  projects  better, 
improving  material  support,  eli^ninating  delays,  and 
coordinating  with  other  people.  Plan  your  projects  well — 
that  is,  with  activities  and  resources  management  in  mind, 

2-1.  Activities  Management 

As  we  stated  in  Chapter  1,  the  Air  Force  owns  a 
tremendous  amount  of  property  which  must  be  operated, 
maintained,  and  managed  properly.  To  manage  these 
activities  effectively  and  efficiently,  the  Air  Force  uses  a 
program  concept  which  has  been  planned  by  "planners"  In 
advance.  The  program  includes  allocating  labor  hours  and 
materials  for  work  and  services  performed  by  CE  troops. 
Various  Air  Force  forms  are  initiated  by  CE  personnel  and 
processed  through  a  computer.  Data  printouts  from  the 
computer  include  data  which  assist  CE  managers  to  make 
good  management  decisions, 

015.  Very  briefly  state  how  the  civil  engineering 
management  system  works. 

CE  Management  System.  As  a  worker  in  Civil 
Engineering,  you  may  ask  the  question,  ''Who  originates 
all  the  work  that  CE  personnel  have  to  do?''  The  greatest 
majority  of  the  work  in  Civil  Engineering  has  been 
identified  and  planned  ahead  of  its  actual  start  date.  The 
planning  and  controlling  of  this  work  could  not  be  done 
without  a  sound  management  plan.  The  plan  we  are  talking 
about  is  called  the  In-Service  Work  Plan,  Like  all  other 
plans,  it  is  only  as  good  as  the  information  used  to  develop 
it  and  the  effort  put  forth  to  adhere  to  its  principles  and 
objectives. 

Planning.  Do  you  recall  an  office  called  Resources  and 
Requirements?  Under  this  office  is  a  unit  known  as 
Planning,  Each  year  the  planners  visit  each  facility  on  base 
and  thoroughly  inspect  it  for  any  work  that  needs  to  be 
done.  The  inspection  is  called  a  Facility  Survey, 

After  compiling  the  information  from  these  surveys,  the 
planner  determines  the  labor  hours  needed  to  do  the 


identified  work.  He  uses  one  of  the  85-series  manuals  to  do 
this.  These  manuals  contain  Engineered  Performance 
Standards  for  the  various  jobs  in  civil  engineering.  These 
standards  have  been  compiled  over  a  number  of  years  by 
engineers  who  have  studied  the  results  of  numerous  time 
and  motion  studies.  These  studies  break  down  each  job  into 
different  tasks  and  assign  a  specific  time  to  it.  This  time  is 
how  long  it  should  take  a  skilled  craftsman  to  complete  that 
task.  The  planner  then  totals  the  time  of  these  tasks  to  get 
the  total  labor  hours  for  the  job.  When  this  survey  is 
completed  it  is  one  of  the  inputs  provided  to  Civil 
Engineering  to  develop  its  work  plan. 

In  addition  to  the  facility  survey,  shop  foremen  are 
responsible  for  two  inputs  to  the  work  plan.  One  of  them  is 
for  recurring  labor-hours,  and  the  other  is  for  equipment 
maintenance  labor-hours.  The  recurring  labor-hours  are  for 
work  done  on  a  periodic  basis  within  a  particular  year.  An 
example  of  this  work  is  to  inspect  and  repair  drainage 
facilities.  Another  example  is  the  hours  required  for 
removing  snow  and  ice  from  paved  surfaces.  There  are 
other  inputs  used  to  formulate  the  civil  engineer's  work  plan 
which  do  not  concern  you.  They  are  also  used  to  preiGv-iiUiy 
work  requirements. 

After  all  the  work  inputs  are  sent  to  Resources  and 
Requirements,  they  are  gathered  together  and  then  assigned 
labor-hours  on  a  document  called  the  In-Service  Work  Plan, 
Each  month,  work  items  from  this  plan  are  sent  to  the 
production  control  section  for  assignment  to  CE  units. 
These  work  items  are  on  forms  known  as  work 
authorization  documents.  As  the  words  indicate,  these 
documents  are  the  authority  from  Civil  Engineering  to 
perform  the  work  stated  on  the  forms. 

Performance  evaluation.  Civil  Engineering  also  has  a 
management  plan.  In  this  plan  there  are  provisions  for 
evaluating  the  performance  of  CE  units.  By  knov/ing  types 
of  work  which  have  been  done  in  the  past  with  a  ccT-t  nn 
amount  of  labor-hours,  the  industrial  engineering  secti 
through  the  use  of  a  computer,  can  predict  what  work  can 
be  done  in  the  future  with  various  amounts  of  labor-hours. 
Units  who  fall  behind  the  labor-hours  expected  by  using 
more  hour-  'han  predicted  must  answer  for  the  deviations. 

Base  A-  j^ineer  Automated  Management  System.  In 
Civil  Engineering  an  enormous  amount  of  records  are 
required  to  be  kept.  These  records  include  the  amount  and 
cost  of  roads  on  base;  amount  and  cost  of  runways;  amount 
of  sewage  disposed;  labor-hours  required  to  operate  plants; 
and  the  size,  shape,  condition,  and  cost  of  each  facility. 
Many  other  records  are  required  by  law  to  be  kept.  Even 
your  name  and  employee  number  are  part  of  the  records. 
When  information  of  this  sort  is  needed.  Civil  Engineering 
merely  asks  the  computer  in  symbols  it  understands  to 
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furnish  this  information.  In  a  matter  of  seconds,  the 
computer  replies  with  up-to-date  answers. 

The  name  of  the  automated  data  processing  system  is 
BEAMS.  This  acronym  stands  for  Base  Engineer 
Automated  Management  System.  The  computer  used  is  the 
Burroughs  3500.  BEAMS  is  a  way  to  autc^mate  a  largt 
number  of  civil  engineering  records  and  files.  CE  files  can 
be  maintained  with  ease  and  accuracy.  It  is  valuable 
because  it  provides  a  variety  of  computer  products  to 
managers  on  demand.  These  products  are  used  by  managers 
to  make  many  important  decisions.  Actions  of  most 
craftsmen  within  Civil  Engineering  affect  the  information 
within  the  computer  and  records  and,  ultimately,  influence 
the  content  of  the  management  products.  It  is  of  utmost 
importance  that  all  civil  engineering  personnel  know  that 
their  actions  directly  or  indirectly  influence  the  accuracy  of 
the  information  contained  in  the  automated  system  and, 
consequently,  the  management  products  that  the  system 
produces.  The  reliability  of  their  contributions  builds  their 
own  faith  in  BEAMS  and  the  decisions  of  those  who  use  it. 

Exercises  (015): 

1.  What    is    the    management    plan    used    in  Civil 
Engineering  to  plan  ahead  called? 


2.  What  are  inspections  by  planners  called? 


3.  What  two  inputs  do  shop  foremen  make  to  the  CE 
work  plan? 


4.  What  are  Engineered  Performance  Standards  used  for? 


5.  Work  items  come  from  the  production  control  section 
on  what  documents? 


6.  How  can  the  industrial  engineering  section  determine 
the  amount  of  labor-hours  required  to  do  certain  work 
in  the  future? 


7.   What  is  the  name  of  the  automated  computer  system 
used  to  process  Civil  Engineering  records? 


150  feet  of  concrete  sidewalk  be  constructed  near  a  facility 
in  which  you  work,  you  would  request  this  work  on  an  AF 
Form  332,  BCE  Work  Request.  Because  of  the  large 
number  of  work  requests,  you  must  explain  why  the  work  is 
needed.  You  must  also  include  an  impact  statement,  that  is, 
a  justification  concerning  your  organization  and  its  mission 
if  the  work  is  not  done.  It  is  this  justification  that  is  used  by 
the  Facilities  Board  in  deciding  which  requests  should  be 
approved.  Since  the  mission  comes  first,  it  is  obvious  that 
those  requests  that  have  the  greatest  impact  on  the  mission 
have  the  best  chances  of  being  approved. 

There  are  a  number  of  ways  that  people  make  their 
desires  for  work  or  service  known  to  Civil  Engineering. 
One  of  these  ways  is  to  use  AF  Form  332.  This  dual- 
purpose  form  is  both  a  request  for  work  and  a  work  approval 
or  disapproval  document.  The  332  is  used  to  request: 

•  New  work. 

•  Self-help  work. 

•  Repair  of  damages  to  real  property  caused  through 
neglect  or  abuse. 

•  In-service  minor  construction  costing  less  than  $1,000 
for  base  work  or  over  $100  for  military  family  housing 
(MFH). 

•  Projects  that  are  done  on  contract. 

You  should  have  no  trouble  in  preparing  the  work 
request,  since  instructions  are  provided  the  back  of  the 
form.  Figure  2-1  is  a  completed  copy  of  the  front  of  the 
form.  The  description  of  the  work  requested  (item  9) 
should  be  supported  where  possible  by  sketches,  plans, 
diagrams,  specifications,  photographs,  drawings,  or  any 
other  description  of  the  work  you  request. 

Notice  item  23  of  figure  2-1.  It  is  the  BCE 
recommendation.  The  Facilities  Board  will  use  this 
recommendation  and  other  data  on  the  form  to  decide  its 
approval  or  disapproval.  If,  for  instance,  the  base  civil 
engineer  has  recommended  disapproval  because  required 
resources  were  not  available,  it  is  highly  probable  that  the 
board  would  disapprove  the  work  request. 

Exercises  (016): 

1.   What  information  is  required  in  the  following  blocks 
on  AF  Form  332? 
a.   Block  3? 


b.   Block  6? 


c.   Block  9? 


016.  State  how  to  request  work  using  AF  Form  332,  l1    Block  12? 

BCE  Work  Request. 

Work  Requests.  The  number  of  requests  and  the  myriad 
types  of  work  on  an  Air  Force  base  far  exceed  the  Civil  e.   Block  26? 

Engineering  resources  available.  Resources  for  essential 
construction,  operation,  maintenance,  repair,  and  services 
must  be  given  first  priority.  If  for  example,  you  request  that 
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055.    Match    the    agencies    with    their    areas  of 
responsibility  to  the  Hazardous  Waste  Program. 

Hazardous  Waste  Awareness.  Evcr>*  year,  billions  of 
tons  of  solid  waste  are  discarded  in  the  United  States,  These 
wastes  range  in  nature  from  common  household  trash  to 
complex  materials  in  industrial  waste,  sewage  sludge, 
agricultural  residue,  mining  refuse,  and  pathological  wastes 
from  institutions  such  as  hospitals  and  laboratories. 

Included  with  these  solid  wastes  are  millions  of  tons  of 
hazardous  waste.  Most  of  this  waste  is  being  managed  in  a 
manner  that  has  the  potential  of  degrading  the  environment 
and  causing  health  hazards.  This  mismanagement  has 
caused  streams,  lakes,  rivers  and  groundwaters  to  be 
polluted — killing  aquatic  life.,  destroying  wildlife  and 
killing  large  areas  of  vegetation.  In  some  cases  human  life 
has  been  affected  by  exposure  to  hazardous  wastes  that  are 
not  properly  handled. 

Subtitle  C  of  the  Solid  Waste  Act  was  amended  by  the 
Resource  Conservation  and  Recovery  Act  (RCRA)  of  1976, 
This  act  directed  the  Environmental  Protection  Agency 
(EPA)  to  put  into  effect  regulations  to  protect  human  health 
and  the  environment  from  the  improper  management  of 
hazardous  waste.  The  EPA  published  the  Hazardous  Waste 
Management  System  rules  in  May  of  1980,  and  their 
effective  date  was  November  1980, 

The  Department  of  Defense  and  the  United  States  Air 
Force  are  committed  to  properly  manage  the  hazardous 
waste  that  has  been  generated  on  its  military  installations. 
The  primary  objective  is  to  provide  a  management  plan  that 
gives  the  hazardous  waste  program  managers  the  essential 
tools  for  effective  management. 

The  use  of  the  Hazardous  Waste  Management  Program, 
which  was  made  mandatory  by  the  RCRA,  requires  the 
maximum  cooperation  of  all  activities  on  an  installation. 
The  installation  commander  is  responsible  to  ensure 
compliance  with  all  RCRA  requirements  on  his  or  her 
installation. 

The  individual  facility  operational  managers  are 
accountable  for  conducting  their  activities  in  accordance 
with  RCRA,  These  facility  managers,  including  all  tenant 
activities  and  Defense  Property  Disposal  (DPDO)  activities, 
will  provide  the  necessary  documentation  to  the  installation 
commander  for  permit  application,  will  provide  to  the 

stallation  commander  reports  required  by  the  EPA  or  the 
state,  and  will  ensure  compliance  with  RCRA  regulations 
and  permit  requirements  at  that  facility.  All  reports  will  be 
signed  by  both  the  facility  operator  and  the  installation 
commandei , 

Hazardous  materials  entering  an  Air  Force  Base  are 
recorded  in  the  Base  Hazardous  Waste  Management  Plan, 
and  disposition  instructions  are  provided  to  the  user. 
Products  most  familiar  include  oil,  petroleum  products, 
paint,  and  products  used  in  painting.  All  recoverable 
petroleum  products  are  sold  and  recycled.  Many  paints  and 
products  used  in  painting  are  considered  hazardous 
materials.  However,  once  paint  is  applied  and  dries,  it  is  no 
longer  considered  to  be  hazardous. 

Means  of  disposal  for  each  hazardous  material  is 
determined  by  directives.  Disposition  may  include  such 
means  as: 


(1)  Used  in  process; 

(2)  Neutralized-sanitary  sewer  and; 

(3)  To  be  disposed  of  in  containers. 

All  wastes  being  neutralized  through  the  addition  of  other 
chemicals  and  then  flushed  through  the  sanitary  sewer  are 
closely  monitored  through  the  National  Pollutant  Discharge 
Elimination  System  (NDPDES), 

Reducing  the  amount  of  hazardous  waste  is  an  ongoing 
process  and  is  the  respo.nsibility  of  everyone.  Substitute 
products  are  sought  and  used  where  possible. 

An  accumulation  point  is  that  area  in  or  near  the 
workplace  where  hazardous  waste  is  accumulated  prior  to 
turn-in  to  DPDO  for  disposal.  Storage  in  this  area  is 
temporary  and  must  not  exceed  90  days  from  the  time  the 
waste  begins  to  accumulate  in  the  container.  This  activity 
does  not  require  a  permit  under  RCRA  but  is  subject  to 
certain  procedural  requirements, 

a.  Assurance  that  wastes  are  placed  in  proper  containers 
and  that  the  date  accumulation  begins  is  posted  on  the 
container, 

b.  Assurance  that  hazard   warnings  are  posted  and 
containers  are  kept  closed, 

c.  Inspection  of  containers  regularly  and  remedial  action 
initiated  for  leaks,  spills,  or  improper  storage, 

d.  Documentation  of  inspections, 

e.  Notification  of  proper  installation  authority  in  event  of 
spills. 

Waste  Packaging  Procedures 

a.  All  wastes  are  packaged  and  stored  in  accordance  with 
AFR  71-9,  US  Air  Force  Packaging.  All  wastes  listed  by 
EPA  are  accumulated  in  Department  of  Transportation- 
approved  drums  or  holding  tanks, 

/?,  All  drums  of  waste  will  be  handled  by  trained 
personnel  using  gloves  and  protective  clothing  if  necessary, 

c.  Accumulation  point  managers  assure  proper  labeling 
of  drums.  Hazardous  waste  labels  are  obtained  from  the 
Base  Civil  Engineers,  These  plastic  labels  must  be 
completed  using  a  pen  with  indelible  ink.  The  outside  of  the 
drum  must  be  clean  so  the  labels  will  stick. 

One  of  the  prime  objectives  of  the  RCRA  is  to  promote 
the  reuse  and  recycling  of  valuable  resources  before 
disposal,  hazardous  waste  program  managers  must 
evaluate  all  wastes  being  generated  to  determine  their 
potential  reuse  either  on  base  or  at  other  authorized 
locations. 

The  hazardous  waste  manager  must  coordinate  with 
technical  personnel  to  determine  if  the  accumulated 
hazardous  waste  can  be  neutralized  or  safely  chemically 
altered  to  a  non-hazardous  waste.  This  can  save  money  in 
disposal  charges  and  lessen  the  total  amount  of  waste  to 
manage.  Disposal  of  non-hazardous  waste  is  less  costly  and 
easip;r  to  manage. 

If  disposal  in  drums  is  required,  waste  must  be  stored  in 
approved  containers  and  certain  inspection  and  storage 
procedures  adhered  to.  The  containerized  waste  must  be 
stored  in  containers  (110  gallons  or  less)  which  meet 
Department  of  Transportation  Standards,  or  in  storage  tanks 
that  meet  EPA  criteria.  The  date  on  which  accumulation  of 
waste  begins  must  be  clearly  labeled  on  each  container. 
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The  Accumulaiion  Point  Manager  must  ins|)ect  his  or  her 
facility  for  malfunciions  and  deterioration,  opei  ,  enors. 
and  discharges  which  may  he  causing — or  may  lead  tc>^^ 

(1)  Release  of  hazardous  waste  constituents  to  ilic 
environment  or 

(2)  A  threat  to  human  health. 

He  or  she  must  cuiiJuer  these  inspections  often  enough  i 
identify  pruuU.  tjn  r  to  correct  them  before  they 

become  harmful  to  the  nvirtinm'^nt  or  human  lioalth.  I  hr 
frequency  of  inspectic.  vary  for  the  items  on  the 

schedule.  Th-c  f;  .^ucncy  ot  i::,,pcci\on  should  be  based  on 
the  rate  of  i^ossible  dctt\  iouaion  of  the  containers.  Once 
leakage  is  detected.  <  ^  containers  will  be  placed  in  another 
container  over-pack. 

Once  the  container  is  full  and/or  the  90-day  storage 
period  is  up,  the  waste  must  be  removed  from  the 
accumulation  point.  At  this  time,  the  DPDO  agency  should 
be  notified  to  arrange  for  movement  to  an  off-site 
Treatment.  Storage,  Disposal  Facility  (TSDF).  This  will  be 
handled  through  a  civilian  contracting  tlrm  which  is 
licensed  to  properly  dispose  of  hazardous  waste. 


Exercises  (055): 

I .  iViaich  the  agencies  listed  in  column  B  with  their  areas 
of  responsibilities  listed  in  column  A  by  placing  the 
correct  letter  from  column  B  in  each  space  provided  in 
column  A. 


Column  A 

_  ( n  Civilian  firm  which  is 
licensed  to  pmpcrly 
dispi)sc  of  hazardous 
wastes. 

.  (2)  Arranges         for  th^* 

movement  of  waste  to  an 

off-site  facility. 
-  (3^  Monitors  the  facility  for 

malfunctions  and  opera'^jr 

errors. 

.  (4)  Responsible  for 
establishing  rules  to 
pri)tcct  human  health  and 
the  environment. 

.  (5)  Held  responsible  for 
implementation  of  the 
hazardous  waste  pro^^ani 
at  base  level. 


Column  H 

Defense  Property  Disjxisal 
(OPOO). 

Accumulation  Point 
Manager. 

Installation  commander. 
Trcdtment,  Storage. 
Disposal  Facility. 
Environmental  Protection 
Agency . 
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ANSWERS  FOR  EXERCISES 


CHAPTER  I 


007  -  I , 


Reference: 


001 
001 
001 
001  - 
001  - 
001  - 
001  - 
001  - 
001  - 
001  - 
001  - 

001  - 

002  - 
002 
002  - 
0C2  - 
002 
002 
002 
002 
002 
002 
002 
002 


No. 
Yes. 


~  3.  Yes. 

-  4.  No. 

-  5,  Yes. 
~  6,  Yes. 

-  7,  No, 

-  8,  Yes, 

-  9,  Yes. 

-  10.  No, 

-  11,  Yes, 

-  12,  Yes, 

1,  Mechanical. 

2,  Sanitation, 

3,  Resources  and  Requirements. 

4,  Operations. 

5,  pavements  and  GrcHinds. 

6,  Civil  Engineer, 

7,  Civil  Engineer, 

8,  Civil  Engineer, 

9,  Structures, 

10,  Structures, 

11,  Pavenients  and  Grounds. 
-  12,  Pavements  and  Grounds, 


003  - 

1, 

(1) 

a. 

(2) 

b. 

(3) 

c. 

(4) 

c. 

(5) 

d. 

(6) 

e. 

(7) 

g< 

(8) 

b. 

(9) 

f. 

(10) 

c. 

004  - 

1, 

C, 

004  " 

2, 

C 

004  - 

3, 

I, 

004  " 

4, 

c. 

004  - 

5, 

c 

004- 

6, 

I, 

008 
008 
008 

009 
009  - 

009  - 

010  ■ 


Oil 

oil 

012 
012 
012 
012 


005  —  1,    Base  Engineer  Emergency  Force, 

005  -  2,    You  should  have  written  BEEF  in  a»  c»  d»  e»  g,  and  h, 

006-  1,  55212, 

006  -  2,    a,    Basic  Pavements  and  Soils  Course, 

b,    Basic  Const,  Equip,  Course, 
006-  3,    a,  55230, 

b,  55231, 

c,  55232, 
006  -  4,    a,  55255. 

b,  55350, 

I    006  -  5,    a.    Pavements  Maintenance  Technician,  55170, 
b.    Construction  Equipment  Technician,  55171, 
006  -  6,    Pavements  Superintendent,  55 1 91 , 


(X)8  -  I 


2. 
3. 
4. 

-  1, 


(1)  i. 

(2)  f. 

(3)  b. 

(4)  d. 

(5)  c. 

(6)  d. 

(7)  c. 

(8)  c. 

(9)  j. 
(10)  h. 

(in  a. 

(12)  g. 

T. 
S. 
S. 
T 
T. 
S. 
T, 
T. 
S. 

s. 


(I) 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 

Intelligence  indicators. 

Only  those  people  with  a  '*need  to  know.** 

Aircraft  loadings,  lakeoffs  and  landings;  information  about 

materials  and  specific  military  operations. 

To  determine  the  effectiveness  of  formal  schools  and  career 
development  courses . 

(I)  When  the  graduate  can*t  meet  the  proficiency  requirements 
of  the  STS»  (2)  when  the  STS  lists  tasks  not  performed  in  that 
AFS,  and  (3)  when  the  STS  code  levels  are  too  high. 
6  months. 


(1)  b 

(2)  d 

(3)  c 

(4)  a 

(5)  a 


1,  AFM-85-3, 

'  2,  Resources  and  Work  Force  Management. 

1,  34C2. 1-2, 

2.  34C2-3. 1-4, 
•  3,  34W8.I-73, 

4,  34Y1-M-73, 


013  -  1,  (1)  Sparkplugs. 

(2)  Ignition  wiring  and  battery  connection, 

(3)  Engine  distributor  timing, 

(4)  Wear  or  pitting  of  distributer  breaker  fx>ints. 

(5)  Engine  generator  belt. 

014  -  1,  No, 
014  -  2,  Yes. 
014-3,  No, 
014  -  4,  Yes. 

014  -  5,  Yes, 

CHAPTER  2 

015  -  1,    Inservice  work  plan. 
015  -  2,    Facility  surveys. 
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015  -  3. 
015  -4. 

015  -  5. 
015  -  6. 

015  -  7. 

016  -  1. 


016 
016 


017  - 
017  - 
017  - 
017  - 

017  - 

018  - 
018  - 
018  - 
018  - 
018  - 

018  - 

019  - 
019  - 
019  - 
019  • 
019  ■ 
019  • 

020 
020 

021  • 

021  ' 
021 
021 

022  - 
022 
022 
022 


1. 
2. 
3. 
4. 
5. 

1, 
2, 
3, 
'4, 
'5, 
6, 

1, 

'  2, 
'  3, 
-4, 
•5, 

■  6, 

'  1, 

-  2, 

-  1, 

-  2, 

-  3, 

■  4, 


Recurring  labor-hours  and  equipment  maintenance  labor-hours. 

To  ilctcmiinc  how  long  it  should  take  a  skillcii  crartstiian  to 

complete  a  task. 

Work  authorization  diKunicnt.s. 

By  post  work  and  the  use  of  a  compuicr. 

BEAMS. 

a.  Requester's  name  and  phone  number. 

b.  Building  or  facility  number. 

c.  Work  requested, 

d.  Date  signed. 

e.  Signature  of  base  civil  engineer. 
On  the  back  of  the  form. 

a.  New  work. 

b.  Self-help  work. 

c.  Repair  of  damages  to  real  property  caused  through  neglect 
or  abuse. 

d.  Inscrvice  minor  constr^iction  costing  less  than  $1000.00  for 
base  work  or  over  100.00  for  military  family  housing. 

e.  Projects  that  arc  accomplished  by  contract, 

AF  Form  1 135, 
AF  Form  332, 
AF  Form  332, 
AF  Form  1 135. 
AFForm  1 135, 

F.  Initiate  AF  Form  1135, 
T, 

F,  Emergency  situations, 

T, 

T, 

T, 

Self-help, 
Hopper, 
Service  call, 
SMART, 
Service  call, 
IWP, 

Recommend  that  a  larger  storage  area  be  constructed, 
BCE  Work  Order  ( AF  Form  327), 

To  compute  man-hour  requirements. 
To  compute  allowed  time  for  a  job. 
The  planner. 
The  front  side. 


026  -  3. 

026  -  4. 

027  -  I . 
027  -  .^ 

027  -  3. 

028  -  1 . 
028  -  2, 

028  -  3, 


029 
029 
029 

030 
030 

030 
030 
030 
030 
030 
030 


1,  T, 

2,  F, 

3,  F, 

4,  T, 


023  -  1,  (1)  To  provide  a  uniform  reporting  system. 

(2)  To  identify  direct  labor  cost  against  work  orders, 
023  -  2,    ATA  and  ETA, 
023  -  3,    AFForm  1734, 

023  -  4,    Handprinted  on  AF  Form  1734  below  the  first  group  of  names, 

024  -  1.  (1)  c, 

(2)  f, 

(3)  d, 

(4)  e, 

(5)  a, 

(6)  f, 
(1)  e, 

(8)  e, 

(9)  d. 

(10)  b, 

(11)  c, 

(12)  e, 

025  -1,  You  should  have  placed  an  x  by  (1).  (3),  (4),  (5).  (6).  and  (7). 
026-1,    APR  67-23, 

026  -  2.    a.    Requisition  equipment  initially, 

b.  Request  replacennent, 

c.  Increase  authorization, 

d.  Reduce  authorization. 


032 
032 


1, 

-  2, 

■  3. 

■  1, 

■  2. 

•  3, 

•  4. 

•  5, 

•  6, 

■  7, 

-  8, 


031  -  1. 


031 


031 


032  -  1, 


032 


032  -  3. 


e.  Turn  in  equipment. 

f.  Re    int  for  equipment, 

Nomenci.  .urc,  unit  of  issue,  and  quantity. 
It  is  used  t(i  order  materials. 

Materiel  Control. 
Stock  number. 
Turkey. 

To  make  a  visual  check  to  see  if  property  listed  on  paper  is 
actually  there. 

(Obeying  a  set  of  rules  necessary  to  conserve  and  protect  Air 
force  equipment  and  supplies. 

(1)  AF  equipment  must  be  operational;  (2)  adequate  supplies  in 
gotxi  condition  must  be  on  hand;  (3)  use  equipment  and 
supplies  only  for  their  intended  purposes;  (4)  safeguard 
equipment  and  supplies;  and  (5)  keep  accurate  records. 
Yellow. 

Unserviceable  but  reparable. 
Condemned — do  not  use. 

Expendable  items. 

Place  I  (initial),  R  (recurring),  or  N  (nonrecurring)  in  the  Issue 

block. 

No, 

A  jusiification  for  the  issue. 
Unit  of  issue,  quantity,  unit  price,  and  total  cost. 
Receipt  for  AF  materials  issued  on  a  temporary  basis, 
24  hours. 

Custody  receipt  and  hand  receipt, 

CHAPTER  3 

a.  Improper  fraction. 

b.  Mixed  number, 

c.  Proper  fraction. 

a,  2, 

b,  32. 

c,  2, 

d,  7. 

a.  6V4, 

b,  16% 

c,  1  '/m 

d.  Cannot  be  converted. 


a,  7/2, 

b,  201/32, 

c,  47/8, 

d,  5/4, 


e, 
a. 
b, 
c, 
a, 
b. 
c, 
d. 


4. 

5. 


73/16. 

77/96. 

161/9, 

5/12. 

5. 

16/27. 
5  2/3 . 

4  23/26 


032 


Items  b,  c,  e,  and  f  contain  improper  fractions. 

a.  21  'V24 

7  '3/24 

18  •V24 
II  V24 

15  2»/24 
4  "/24 

b.  1  3/32 
1  V32 
6  »V32 

14  V32 
3 


6,    a,  80, 
b,    26  'V32 


12 

EKLC 


80 


032  -  7. 


032  -  8. 

033  -  I . 
033  -  2 . 


a. 
b. 


034 
034 


46.4858. 
a.  83.824 
b. 

c.  9.66 

53  inches  =  1346.2  mm 


b. 


6" 
9" 

ir 

54" 
68" 

12" 
14" 
23" 
28" 
39" 
89" 


152.4  mm 
228.6  mm 
533.4  mm 
1371.6mm 
1727.2  mm 

304.8  mm 
355.6  mm 
584.2  mm 
711.2  mm 
990.6  mm 
2260.6  mm 


(3)  a. 

(4)  b. 

037  -  3.    a.  24.6272  square  inches. 

b.  262. 1426  square  inches. 

038  -  1.    A  =^  fir^or  A  = 

£_ 

4 


038  -  2. 

039  -  1 . 
039  -  2. 
039  -  3. 
039  -  4. 


040  -1. 


040 
040 
040 


041 
041 
041 
041 
041 

041 
042 


2. 
■  3. 
•  4. 


1. 
2. 
3. 
4. 
5. 


Arc.  chord,  tangent,  sector,  and  segment. 

V  =  1/3  (9)  X  A  =  4  cubic  yards. 
226.2  square  inches. 
6.720  cubic  inches. 
137.445  cubic  inches. 

CHAPTER  4 

Two.  All  sleel  goes  through  the  blast  furnace;  then  it  must  go 

through  either  the  open-hearth  fumace,  Bessemer  converter. 

electric  fumace.  or  induction  fumace. 

Cast  iron. 

By  elc  :tric  current. 

The  inglois  are  placed  in  an  underground  fumace  called  a 
soaking  pit  and  heated  uniformly  all  the  way  through  at 
approximately  2200°  F. 

Permanent  mold,  sand  mold,  and  die. 
Drawing. 
Die  casting. 
Casting  or  wrought. 

Any  metal  that  has  been  shaped  by  force  while  it  ij  in  the  solid 
form. 

Forging,  extruding,  rolling,  piercing,  and  drawing. 


034  -  3. 


1.  (1) 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 


6  7/,« 
29  47/^« 

86  H/3j" 

1  V4 

36  'Vift" 

98  miles 
61  miles 
984  miles 


1  /4.6245  mm 
755.237  mm 
2193.08  mm 
44.4491  mm 
935.019  mm 

157.72  km 
98.17  km 
9584.24  km 


034  -  4.    a.    4  feei4V2  inches  =  1333.50  mm 
3  pounds  =  1.36  kg 
5y2  gallons  =  20.821 
3531.4  cubic  feet. 
130.79  cubic  yards. 


034  -  5. 

0^5-  \  . 

035  -  2. 

035  -  3. 
~  4. 

.3  -  5. 

036  "  1 . 

036  -  2. 

036  -  3. 

037  -  I.  Quadrilateral. 
037  -  2.  (I) 

(2)  d. 


042  - 

042  ■ 
042  ■ 
042  ■ 

042 

043 
043 
043 


2.  A  change  in  one  property  will  usually  cause  a  change  in  one  or 
more  additional  properties. 

3.  Tensile  strength. 

4.  Elasticity. 

5.  A  brittle  metal  will  not  bend  without  breaking,  and  a  ductile 
metal  will  bend  without  breaking. 

6.  Hardness. 

A  ferrous  metal  is  any  metal  that  has  iron  as  its  main  element. 
A  nonferrous  metal  is  any  metal  that  contains  no  iron. 


1. 
2. 
3. 


a. 
b. 
c. 
a. 
b. 

An  equation. 
1T,3.1416 
Transposition. 
Add  4. 

An  equal  (  =  )  sign. 

The  branch  of  geometry  that  deals  with  the  measurement  of 
lines,  angles,  surfaces,  and  solids. 
Triangle. 

Right,  obtuse,  acute. 


a.  Nonferrous. 

b.  Nonferrous. 

c.  Ferrous. 

d.  Ferrous. 

e.  Ferrous. 

f.  Nonferrous. 

g.  Nonferrous. 

043  -  4.    Alloy  steel  refers  to  steel  that  contains  one  or  more  elements 

other  than  the  iron  and  carbon  which  comprises  steel. 

044  —  1 .    The  percent  of  carbon  content. 
044  -  2.    Painted  or  coated  with  zinc  or  tin. 
044  -  3.    Chromium  17-20  percent. 

044  -  4.    Black  iron  dipped  in  hot  zinc. 
044  -  5.    Heating  is  not  required. 
044  -  6.    It  must  be  painted. 
044  -  7.  Yes. 

044  -  8.    Makes  them  harder  without  using  alloys. 

044  -  9.    Can  be  worked  cold  on  the  machines  and  may  be  bent  up  to 
180°. 

044  -  10.  Less  resistance  to  corrosion. 

044  -11.  Hard  metal,  and  resists  scratches  and  corrosion. 


81 


13 


16 


045 
045 


-  2. 

-  3. 


045  -  4. 


047  -  1. 


045  -  1.    The  combination  of  the  chctnical  composition  and  grain 
structure. 

Ferrilc.  pearlite.  cemcntilc.  ausicnilc.  and  martcnsilc. 
Determines  the  properties  of  the  metal,  the  properties  that  can 
be  changed,  and  the  amount  of  change  that  is  possible. 
Mechanical  mixture,  solid  solution,  and  a  combination  of 
mechanical  mixture  and  solid  solution. 
045  -  5.    Heat  increases  the  size  of  the  grain . 

045  -  6.    Metal  with  No.  8  grain  size. 

046  ~  1.  By  cold > working. 

046  -  2  .  2  to  4  times  the  thickness  or  1/2  to  1  inch. 

^16-3.  The  difficulty  of  making  reliable  soldering  joints. 

046  -  4.  Heat  treatable  and  notiheat  treatable. 

046  -  5.  It  is  much  lighter. 

046  -  6.  Magnesium. 

046  -  7.  Manganese. 

046  -  8.  Amount  of  cold-work. 

The  75  in  1075  means  that  there  is  0.75-perceat  carbon  in  that 
steel. 

SAE-1040  is  equivalent  lo  A1SI-C2040. 

To  give  complete  procurement  specifications  for  .-T.r.rcriais  i*5  ,d 
in  the  manufacturing  of  aircraft,  aircraft  engines,  piopellers. 
and  other  aircraft  accessories. 
AMS>5095C. 
SAE-9235  indicates: 
9 — Type  of  steel  (silicon  managanese). 
2 — Percent  of  alloy  (2  percent). 
35 — Carbon  content  (0.35  percent  carbon). 
MIL  (militaiy  specifications)  and  JAN  (Joint  Aimy  and  Navy 
specifications). 

Military  Handbook  HIB.  Cross-Index  of  Chemically 
Equivalent  Specifications  and  Identification  Codes  (Ferrous  and 
Nonferrous)  Alloys. 

Flame  test,  heat  and  quench  test,  spark  test,  and  chemical  test. 
Flame  test. 

Use  the  caustic  soda  test.  Weldable  aluminum  will  become 
bright  and  shiny,  while  nonwcldable  aluminum  will  turn  black. 
Heat  and  quench  test. 

The  nitric  acid  test  will  distinguish  between  stainless  steel  and 
hardened  carbon  or  alloy  steels.  Nitric  acid  will  attack  the 
hardened  carbon  or  alloy  steel  very  rapidly  but  attacks  stainless 
steel  slowly. 

Known  samples  of  steel  to  use  for  comparison. 

049  -  I.    Across  the  diameter. 
049-2.  Stenciling. 

049  —  3.    a.    Maroon,  black,  green,  orange, 
b.  AA-1100. 


047 
047 


047 
047 


4. 

5. 


047 
047 


~  6. 


•  7. 


048' 
048 
048  - 

048 
048  - 


048  -  6. 


050 
050 
050 
050 

C51  ■ 
051 

051  - 
051  - 

051  - 


c.  White,  blue,  black,  red.  orange. 

d.  Red.  olive  drab,  black,  black. 

e.  AA-2024-<). 

f.  SaE-71650-N. 

•  1 .  Copper  and  zinc. 

■  2.  Solder.  X-ray  shield,  and  sewer  vents  or  acid  tanks. 

•3.  Zinc. 

4.  To  increase  corrosion  resistance. 


052 
052 


~  1. 

-  2. 


052  ~  3. 


052 
052 

052 

053 


4. 
5. 

-  6. 

~  1. 


053  -  2. 


053 
053 
053 
053 

054  ■ 
054  - 

054  - 
054  - 
054  - 
054  - 


-  3. 

-  4. 

-  5. 

-  6. 

-  1. 
"  1. 

-  2. 

-  3. 
■  4. 
•  5. 


054  "  6. 


Temperature. 

Place  a  hot  piece  of  metal  in  water,  salt  water,  or  oil  and 

circulate  for  even  cooling. 

Heat  it  to  red  hot  and  let  it  cool  slowly. 

By  heating  it  to  a  specific  tcr^pcraturc  and  allowing  it  to  cool 
slowly. 

To  observe  the  color  change  of  the  metal  as  it  is  heated. 
CHAPTER  4 

To  prevent  continued  corrosion  after  rcfinishing. 

When  the  chemicals  may  become  entrapped  and  cannot  be 

completely  removed,  thus  allowing  corrosion  to  continue. 

Use  an  acid  resistant  container  and  mix  in  a  ratio  of  1:1  with 

water.  Add  the  acid  to  the  water  and  apply  to  ferrous  metals 

only. 

Pasa-Jell  No.  101  because  it  is  compatible  with  liquid  oxygen. 
Wear  protective  clothing,  avoid  breathing  fumes,  and  DO  NOT 
apply  with  alumtnun  or  steel  w(X)l. 

Use  on  ferrous  metals,  never  on  aluminum.  Its  action  can  be 
accelerated  by  increasing  the  temperature  of  the  solution 
Breathing  air  containing  solvent  vapors,  toxicity;  absorbing 
solvents  throught  the  skin;  ingestion  by  swallowing;  and 
dermatitis. 

By  irritating  the  nose,  throat,  or  eyes,  or  by  acting  as 
anesthetics. 

Absorption  through  the  skin. 

Swallowing, 

A  skin  sensitizer. 

By  direct  action  where  it  touches  if  it  is  permitted  to  act  long 
enough  in  sufficient  intensity  and  quantity. 

Selection  of  chemicals  selectk)n  of  equipment,  ventilation. 
Selection  of  chemicals,  selection  of  equipment,  ventilation,  and 
protective  clothing. 

Use  the  least  toxic  chemical  that  will  satisfactorily  do  the  job. 
Exhaust  ventilation. 
Air-supplied  and  air-purifying. 

Rubber  and  plastic  gloves,  aprons,  boots,  hoods,  and  face 
shields. 

Personal  cleanliness. 
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Preface 


YOU  HAVE  NOW  progressed  to  Volume  4  of  CDC  55252.  We  would  like  to  give  you  a 
'*pat  on  the  back"  for  satisfactory  progress  up  to  this  point.  We  want  to  encourage  you  to 
continue  with  your  fine  effort.  After  this  volume,  you  have  only  three  more  to  complete. 
Then,  you  will  be  in  a  position  to  try  for  upgrading  to  the  5  skill  level. 

In  this  volume,  we  present  information  on  installing,  fabricating,  and  repairing  such 
items  as  fixed  utility  equipment,  awnings,  canopies,  metal  roofs,  doors  (overhead  and 
sliding),  and  hoists.  With  this  volume,  you  will  have  received  most  of  the  technical 
knowledge  needed  to  perform  sheet  metal  work. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  prod  act,  commodity,  or  service  in 
this  publication  is  for  information  purpospes  only  and  does  not  imply  indorsement  by  the 
Air  Force . 

This  volume  is  valued  at  2 1  hours  (7  points). 

Materiel  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  January 
1984. 
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the  axle  welded  to  a  collar  that  can  be  adjusted  to  different 
heights  on  the  post  (fig.  4-29).  The  gate  may  be  operated  or 
powered  manually.  The  latch  mechanism  may  be  operated 
manually  or  have  an  electromagnet-operated  latch  within  a 
secure  box  of  some  type. 

Maintenance  and  repair.  The  most  common  problem 
with  these  gates  involves  the  rollers.  If  they  are  not 
lubricated  and  adjusted  regularly,  the  bushing  and/or 
bearings  will  wear  out  rapidly.  Usually  there  is  a  grease 
fitting  (zerk)  in  the  axle  shaft  or  on  the  roller  hub  which 
facilitates  lubricating  the  roller.  The  position  of  the  rollers 
supports  the  gate  and  prevents  its  being  removed.  Only  one 
set  of  rollers  (top  or  bottom)  supports  the  gate,  while  the 
other  set  guides  and  secures  the  gate  in  position.  Another 
variation  would  be  to  have  the  upper  and  lower  gate  rails 
both  on  the  inside  of  the  rollers.  Then  only  the  lower  set 
would  support  the  gate  while  the  upper  set  would  guide  and 
secure  it.  The  rollers  are  adjusted  on  the  gateposts  by 
loosening  the  bolt  in  the  collar,  sliding  the  assembly  into 
the  required  position,  and  retightening  the  bolt.  The  rollers 
should  not  be  adjusted  tight  enough  to  cause  drag  or  stress 


nor  loose  enough  to  allow  the  gate  to  come  off  the  rollers. 
You  also  must  be  careful  to  align  the  Icich  properly  when 
the  gate  is  closed. 

Power  units.  The  power  unit  on  a  mechanical  gate  is 
similar  to  that  of  the  overhead  door.  The  principle  is  the 
same.  A  power  unit  (operator)  turns  a  shaft  and  sprocket, 
which  moves  a  roller  chain.  The  gate  is  attached  to  the 
roller  chain  and  moves  on  tracks.  As  with  the  overhead  door 
operator,  dust  and  dirt  collect  on  the  roller  chain  and  cause 
many  problems.  This  dust  and  dirt  must  be  removed  during 
regular  maintenance. 

Exercises  (638): 

I .  Why  are  the  upper  and  lower  rollers  installed  either  on 
the  inside  or  the  outside  of  the  rails? 


2.  What  items  should  be  checked  during  inspection  of  a 
gate  system? 
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CHAPTER  5 


■  i  ^  2 

nui 


INSPECTION  AND  MAINTENANCH  of  hoists  and  cranes 
is  a  portion  of  our  job  that  supports  other  units  on  base.  If 
we  as  Metal  Fabricating  Specialists  fail  to  support  them, 
their  ability  to  do  their  job  and  support  the  mission  is 
severely  hampered.  Some  of  the  other  units  on  base  that 
have  and  use  hoists  in  their  day-to-day  operation  are  the 
aircraft  jet  engine  shop,  the  ammunition  storage  area  and 
Base  Supply.  There  is  probably  even  a  small  hoist  in  your 
shop. 

5-1.  Preventive  Maintenance 

A  preventive  maintenance  program  should  be  established 
based  on  the  hoist  manufacturer's  recommendations.  All 
data  collected  during  any  ph^se  of  inspection  and 
maintenance  should  be  put  into  Detailed  records  for  each 
hoist.  These  records  should  be  readily  available  for  future 
reference.  Any  time  a  part  has  to  be  replaced,  the  part 
should  be  obtained  from  the  manufacturer.  The  preventive 
maintenance  program  will  identify  any  part  that  has 
weakened  to  the  point  that  it  could  cause  a  hoist  to  fail  and 
result  in  a  mishap. 

When  performing  maintenance  and  inspection  of  a  hoist, 
it  is  a  good  idea  to  remove  the  hoist  and  take  it  back  to  the 
shop  or  to  a  designated  repair  area.  By  removing  the  hoist  to 
the  shop  area,  youMl  have  all  the  necessary  tools  and 
equipment  to  check  the  hoist.  YouMl  also  have  access  to  the 
records  on  the  hoist  and  the  technical  expertise  of  your 
supervisor  and  other  craftsmen  assigned  to  your  shop. 

When  you  are  inspecting  hoists,  the  most  important  item 
to  have  on  hand  is  the  owner's  manual  for  that  particular 
hoist.  If  the  owner's  manual  is  not  available,  we  have  to  use 
T.O.  36-1^58,  titled  General  Requirements  for  Repair, 
Maintenance,  and  Testing  of  Lifting  Devices.  These 
publications  outline  exactly  what  we  have  to  check  and  how 
it  is  to  be  accomplished.  The  types  of  inspections  that  are 
performed  can  be  broken  into  two  separate  types,  the 
Frequent  Inspection  and  the  Periodic  Inspection. 

639.  State  the  procedures  to  follow  when  accomplishing 
a  frequent  inspection. 

Frequent  Inspection.  We  may  schedule  the  frequent 
inspection  as  often  as  daily  or  before  each  use.  The  items 
that  we  have  to  inspect  include,  but  are  not  limited  to,  the 
hook,  load  chains,  and  braking  mechanisms. 

Hooks.  In  an  inspection  of  the  hook,  the  first  sign  of  a 
damaged  hook  would  be  a  sprung  safety  latch.  A  sprung  or 
released  latch  indicates  that  the  hook  has  been  overloaded. 
Most  of  the  hooks  on  hoists  are  made  of  cast  steel.  Instead 
of  breaking,  the  hook  will  stretch  and  release  the  latch.  The 
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factor  that  tells  us  when  we  have  to  change  the  hook  is  if  the 
hook  has  an  opening  of  more  than  15  percent  larger  than  the 
original  opening  (fig.  5-1)  or  a  twist  of  more  than  10 
percent  from  the  plane  of  the  unbent  hook  (fig.  5-2).  We 
can  find  the  exact  measurements  of  the  hook  in  the  owner\s 
manual  for  that  particular  hoist.  We  also  have  to  check  the 
hook  for  chemical  damage  or  internal  cracks.  The  easiest 
and  best  method  to  use  in  checking  the  hook  for  cracks  is 
known  as  the  nondestructive  inspection.  Civil  engineers  do 
not  have  the  capability  to  perfonn  this  type  of  test.  The 
nondestructive  inspection  (NDI)  section  of  the  local  aircraft 
maintenance  squadron  has  the  equipment  and  knowledge  to 
do  these  inspections.  They  will  use  X-rays,  a  magnetic 
particle,  or  dye  penetrant  test  to  detect  cracks  that  are 
invisible  to  the  naked  eye  or  internal  cracks. 

Load  chains.  We  have  all  heard  the  old  saying  that  a 
chain  is  only  as  strong  as  its  weakest  link.  This  is  equally 
important  on  a  chain  hoist.  We  need  to  check  the  load  chain 
for  wear,  twists,  broken,  cracked,  or  otherwise  damaged 
links.  This  should  be  done  daily  or  before  each  use.  We  also 
have  to  check  the  chain  to  make  sure  there  are  no  deposits 
of  foreign  material  that  could  be  carried  into  the  hoisting 
mechanism  and  cause  damage. 

Brake  mechanism.  The  braking  mechanism  is  the  heart 
and  strength  of  a  hoist.  No  matter  how  strong  the  hook  and 
chain  are,  a  hoist  can  fail  due  to  a  faulty  braking 
mechanism.  To  check  the  brake  mechanism  during  a 
frequent  inspection,  all  you  have  to  do  is  operate  the  hoist  in 
the  unloaded  state.  The  lower  block  and  hook  will  provide 
enough  weight  to  cause  the  brakemechanism  to  engage. 
This  check  should  be  done  daily  or  prior  to  each  use. 

Exercises  (639): 
1 .  A  frequent  inspection  should  be  performed  daily  or 


2.   A  sprur  ^  or  released  hook  latch  indicates  that  a  hook 
has  been  


3.  A  hook  having  an  opening  of  

larger  than  the  original  opening  should  be  replaced. 


24 


ERIC 


NORMAL  HOOK  SPRUNG  HOOK  WITH 

RELEASED  HOOK  LATCH 


Figure  5~l .  Sprung  hook. 

4.  A  dye  penetrant  test  will  identity 


64C.  State  the  procedures  to  follow  when  accomplishing 
a  periodic  inspection. 

Periodic  Inspection.  The  periodic  inspection  is  a  more 
thorough  and  complex  inspection  than  a  frequent 
inspection.  The  periodic  inspection  should  be 
accomplished  at  an  interval  that  takes  into  consideration 
many  variables.  The  factor  that  is  the  driving  force  to 
determine  how  often  you  inspect  a  hoist  is  the  frequency  of 
its  use.  The  climate  and  severity  of  use  also  have  to  be  taken 
into  consideration  when  developing  an  inspection  program. 
You  should  schedule  your  periodic  inspection  at  least 
annually,  but  you  can  schedule  it  as  often  as  monthly, 
quarterly,  or  semi-annually.  During  the  periodic  inspection 
every  component  of  the  hoist  is  checked. 

The  first  step  of  the  inspection  should  be  to  check  with 
the  people  who  use  the  hoist  in  the  day  to  day 
accomplishment  of  their  jobs.  They  can  tell  you  if  any 
unusual  sounds  have  been  coming  out  of  the  gearbox  of  the 
hoist.  They  can  also  tell  you  whether  or  not  the  hoist  has 
had  any  other  problems.  After  talking  with  the  operators  of 
the  hoist,  the  next  step  of  the  inspection  is  to  operate  the 
hoist  (without  a  load)  making  sure  all  parts  of  the  hoist  are 
operating  properly.  This  portion  of  the  periodic  inspection 
could  be  called  a  preinspection.  From  this  point  on  you  are 
going  to  check  each  piece  of  the  hoist. 

Chain.  When  inspecting  the  chain,  you  are  looking  for 
signs  of  excessive  wear  and  stretch.  To  check  the  chain  for 
wear,  separate  the  links  and  look  at  the  load  bearing 
surfaces  of  the  link.  Excessive  wear  will  be  indicated  by  a 
highly  polished  area  and  a  wearing  away  of  the  material 
where  the  links  come  in  contact  with  one  another.  To  check 


the  chain  for  strctchagc  select  an  unworn,  unslretched 
length  of  chain  (e.g.,  the  slack  end).  Suspend  the  chain 
vertically  under  tension  and  use  a  caliper-type  gauge  that  is 
approximately  12  to  14  inches  long  to  measure  the  out.side 
length  of  the  chain.  Next  measui  o  the  same  number  of  links 
in  the  used  section  of  chain.  If  the  used  chain  length 
exceeds  the  manufacturer's  recommended  length  or,  if  you 
do  not  have  the  specific  manual  for  that  hoist,  the  used 
portion  of  chain  is  IVz  percent  longer  than  the  unused  chain, 
the  chain  should  be  replaced. 

The  existence  of  gouges,  nicks,  corrosion,  weld  splatter, 
or  distoncd  links  is  suftlcient  reason  to  question  the  quality 
(safety)  of  the  chain.  Safety  in  this  respect  depends  largely 
upon  the  use  of  good  judgement  by  the  person  evaluating 
the  degree  of  deficiency.  If  it  is  determined  that  the  chain 
should  be  changed,  the  replacement  chain  should  be  the 
same  size,  grade,  and  construction  as  the  original  chain 
supplied  by  the  hoist  manufacturer.  The  load  chain  should 
be  installed  with  the  welds  away  from  the  center  of  the 
sprocket.  Also,  the  chain  will  not  be  installed  with  any 
twists  between  the  hoist  and  the  anchored  end  on  either  the 
loaded  side  or  the  slack  side. 

When  the  chain  is  being  replaced,  disass  mble  and 
inspect  the  mating  parts  (chain  sprockets,  guides,  and 
stripper)  for  signs  of  excessive  wear  and  replace  if 
necessary. 

Hooks,  Hooks  should  be  removed  at  least  once  a  year. 
The  hooks  should  be  inspected  for  cracks  by  using  a  dye 
penetrant  or  magnetic  particle  test.  Another  method  that  can 
be  used  to  check  the  hook  for  cracks  is  to  have  the  hook  X- 
rayed.  The  X-ray  picture  will  identify  internal  cracks  or 
cracks  that  are  too  small  to  be  seen  with  the  naked  eye. 
Kook  retaining  nuts,  or  collar  and  pins,  and  the  welds  or 
rivets  used  to  secure  the  retaining  member  should  be 
checked  for  cracked  welds  or  split  rivets  and  pins. 

The  brake  mechanism  should  be  taken  apart  and 
inspected.  Check  for  worn,  glazed,  or  oil-contaminated 


NORMAL  HOOK  TWISTED  HOOK  WITH 

RELEASED  HOOK  LATCH 

Figure  5-2.  Twisted  hoOlc. 
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friction  disc.  Next  inspicct  the  pawls,  making  sure'  they  are 
not  cracked  nr  bent.  Figure  5-3  shoHs  the  internal 
components  of  the  brake  mechanism.  Insp^ect  i\\c  cam  or 
ratchet  for  signs  of  wear.  Replace  these  iloius  if  the  wear 
appears  to  be  excessive.  Check  the  p^wl  springs  for 
conrosion  arJ  also  for  collapsed  or  broken  springs.  Remove 
ti*e  conrosion  if  possible  and  replace  (\ny  broken  or 
collapsed  pawl  springs. 

Next  check  for  any  worn,  cracked,  or  distorted  p^ins  such 
as  hood  blocks,  suspension  housing,  outriggers,  hand  chain 
wheels,  chain  attachments,  clevis,  yokes,  suspension  bolts, 
shafts,  gears,  and  bearings.  When  any  of  th^se  cornponents 
are  found  to  be  damaged  or  worn  out.  take  the  hoist  out  of 
service  until  replacement  parts  can  be  installed.  Tighten  all 
nuts,  bolts  or  rivets  that  are  found  to  be  loosc.  The 
supporting  structure  (e.g..  I-beams,  ceiling  joists,  or  a- 
frames)  and  trolley,  if  the  hoist  is  equipped  with  these, 
should  be  inspected  to  ensure  that  they  still  j^^vo  the  ability 
to  support  the  loads  that  they  will  be  subjected  to. 

Exercises  (640): 

1.  A  periodic  inspection  should  be  accomplished  at  least 
once  a 


4.  A 


2.  The 


determines 


how  often  a  periodic  inspection  will  be  pcrforrned. 


3.  Excessive  wear  on  a  load  chain  would  be  indicated  by 
^  load-bearing  surface. 


 .  ______  would  installed  with  the 

welds  away  from  the  center  of  the  sprocket. 


5.  The 


should  be  taken  apart  and 


inspected  prior  to  installing  a  new  load  chain. 


641.  Determine  when  a  weight  test  will  be  performecf  on 
a  hoist. 

Testing.  The  next  portion  of  maintaining  a  hoist  is  to 
perfoi-i  a  weight  test.  Weight  tests  can  be  broken  into  two 
types:  an  operational  test  and  a  load  test. 

Operational  test.  An  operational  test  is  performed  on  any 
hoist  that  has  been  altered,  repaired,  or  has  not  been  used  in 
the  preceding  12  months.  All  functions  of  the  hoist 
including  hoisting  and  lowering  should  be  checked  with  the 
hoist  suspended  in  the  unloaded  siate.  Alter  testing  in  the 
unload-supportinged  state,  a  load  of  50  pounds  times  the 
number  of  load  parts  of  chain  should  be  applied  to  the  hoist 
to  check  for  proper  load  control.  ■ 

Load  test.  All  hoists  that  have  had  load-sustaining  parts 
altered,,  repaired  or  replaced  should  J:-^ tested  by  or  under 
the  direction  of  an  appointed  person.  A  written  report  of  the 
weight  test  should  be  prepared  and  kept  on  record.  The  test 
weight  shoula  be  125  percent  of  the  rated  load.  Therefore, 
if  a  hoist  is  rated  at  6000  pounds,  the  test  bet  should  weigh 
7500  lbs.  On  a  hoist  that  has  an  overload  device 
incorporated  into  the  lifting  mechanism  that  prevents  the 
lifting  of  !25  percent  of  a  rated  load,  the  test  weight  should 
be  100  percent  of  the  rated  load,  after  which  the  load 
limiting  device  should  be  checked. 


Exercises  (641): 
1.  An 


is  performed  on  a  hoist  that 


has  not  been  used  in  the  preceding  12  months. 


1.  FuII-Floatlng 
6-Tooih 
Holding  Pawl 

\     3.  Forged  Steel 
Brake  Plate 


4.  Brake  Lining 


5.  Twentyfour-Tooth 
Holding  Ratchet 


StSibili^er  Ring 


2.  Threo 

Independent 
Cushion  Springs 


6.  AntNvVe^r 
Oilite  interlock 


An  operational  test 
suspended  in  the 


IS  performed 
state. 


with   the  hoist 


3.  The  weight  to  perform  a  load  test  should  be 
percent  of  the  rated  load  capacity. 


4.   A  hoist  with  an  overload  prevention  device  should  be 
tested  to  percent  of  its  capacity. 


Figure  5-3.  Brake  mechanism  (exploJe^ij 
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ANSWERS  FOR  EXERCISES 


CHAPTER  1 

Reference: 

6O0  -  1 .    6  inches  on  side  and  1 2  inches  in  front. 
-  2,    20-gage  stainless  steeL 

600  -  3,    Monel  rivets, 

601  -  K    Plan  view, 

601  -  2.    Triangulation  method. 

601  -  3,    The  true  length  chart. 

601  -  4,    The  1-inch  90''  bend  portion. 

601  -  5,    Dividers  or  trammel  points. 
601-6,    Slant  notchec  achend. 

60?  -  1 .    Squaring  sliears  and  straight  snips,  so  you  won*t  clip  the  2 -inch 
collar. 

602  -  2.    Straighten  about  2  inches  of  each  scam  end,  so  the  cornice 

brake  won't  damage  the  metal  when  you  clamp  it. 

602  -  3.    Cornice  brake  and  box  and  pan  brake. 

603  -  1,    One  2  inches  ^rom  each  end  of  standing  seam  and  one  in  the 

center, 

603  -  2,    Measure  distances  between  diagonally  opposite  comer  to  make 

sure  they  are  equal, 
603  -  3,    50/50  solder  for  the  comer  lap  joint,  but  silver  solder  for  the 

outlet;  silver  solder  is  stronger. 

603  -  4,    Use  mmbuckJes  to  lower  the  drain  outlet  so  that  grease  will 

drain  out  properly, 

604  -  1,    14-gage  stainless  steel, 
604  -  2,    1-inch  stainless  steel  tubing, 

604  -  3,    16  gage  and  1     inches  in  diameter. 

605  -  1,    20  gage, 

605  -  2,  Stainless  steel  is  stronger,  requiring  more  force  to  bend,  and  it 
has  more  springback. 

605  -  3.    Use  shears  and  forming  equipment  with  a  larger  capacity  than 

you  would  use  for  the  same  gage  of  mild  steel. 

606  -  1,    Make  straight  (bun)  cuts»  insert  a  piece  of  brass  round  stock 

about  6  inches  long,  drill  and  tap  hole  in  the  bottom  side,  and 
attach  tfie  pieces  with  roundhead  screws. 
606  -  2.    Use  new  brackets,  because  weltling  removes  the  chromium 
pi  ate. 

606  -  3,    With  a  3/8-inch  corrosion- resistant  boll. 

607  -  1 .    Do  the  rough  cut  with  a  medium  cotxse  grit,  do  the  second  cut 

with  a  medium  fine  grit,  and  stop  gnn'iiiig  l>efore  the  bead  is 
flush, 

607  -  2,  Use  a  wheel  that  hasn't  been  used  on  other  metals;  apply 
adhesive  paper  to  protect  the  surface;  avoid  overheating  the 
surface,  (Any  two  of  these  is  a  good  answer.) 

607  -  3.    Use  120  grit  aluminum  oxide  applied  with  a  soft  wheel,  using  a 

lubricant, 

CHAPTER  2 

608  -  1,  Before. 

608  -  2.  Material  of  the  same  type  and  thickness  as  the  original  material. 
608  -  3.    A  masonry  drill  and  expandable  sleeves  (anchors). 


608  - 

-  4. 

Shaping  (flattening  and  bending)  the  ends  and  drill  holes  in 

them. 

ouV 

'  1 . 

11  nas  seam  aiiowaiice  lor  iwo  bituiuing  acairi  iidiij^ca  uccausc 

the  side  trim  has  the  pockrt  portion  of  the  standing  seam. 

609  . 

-  2, 

Punch  press,  straight  snips,  and  cornice  brake. 

609  - 

-  3, 

The  comer  lap  seams  on  the  ends  of  the  side  pieces. 

610  - 

-  1, 

The  top  panel  installed  last  is  the  one  with  two  flanges  and  no 

standing  seam  pocket. 

610  - 

-  2. 

First  attach  the  hanger,  position  the  canopy  on  the  wall  angle 

and  level  it,  then  drill  holes  and  bolt  to  wall  angle. 

U  1  u 

CHAPTER  3 

611 

-  1, 

Galvanic  action. 

611 

-  2. 

Copper,  aluminum,  and  galvanized  iron.  Don't  use  steel  nails 

with  copper. 

611 

-  3. 

A  coating  of  oxide  (patina)  that  forms  when  copper  is  exposed 

to  the  air  and  weather. 

oil 

-  4. 

Lower  cost  and  strength. 

612 

-  1, 

Less  than  a  3-inch  slope  to  tlie  foot. 

612 

-  2, 

The  roofing  standing  seam  is  a  double  seam. 

6!2 

-  3, 

Grooved  (flat)  seamed  roofs  are  held  in  place  with  cleats  and  the 

seams  are  soidered. 

612 

-  4. 

Cormgated,  rib,  or  5  V-crimp, 

612 

-  5. 

Because,  for  a  batten  seam  you  nail  the  cleats  to  the  batten  strip. 

ol3 

—  1 , 

Double  seamers  are  used  to  make  double  seams  out  or  stanamg 

seams. 

613 

-  2, 

Mallet, 

613 

-  3, 

Clampiag  tongs  hold  seams  in  place  while  you  work;  squeezing 

tongs  are  used  to  tighten  seams. 

613 

-  4, 

Grooved  or  flat. 

ol4 

—  1 . 

The  first  sheet  mstalled  is  the  lower  sheet  m  the  direction  oi  the 

prevailing  wind. 

614 

-  2, 

After  the  first  row  has  progressed  far  enough  that  it  will  not 

overlap  any  of  the  second  row. 

614 

-  3. 

So  that  a  good  solder  joint  can  be  made  easily. 

614 

-  4, 

A  metal  strip  the  full  length  of  the  gable  is  nailed  to  the  roof 

deck  and  extends  3/4  inch  past  the  bottom  edge  of  the  gable. 

614 

-  5. 

The  cap  is  flattened  over  the  end  of  the  batten. 

614 

-  6, 

a.    Under  the  ridge  flashing. 

b.    Lay  the  roof,  place  the  closure  strip,  place  the  ridge  cap. 

fasten  with  screws  through  the  cap-closure  strip  and  into 

f he  roof. 

615 

-  1, 

Solder  the  hole  or  break 

615 

-  2, 

By  replacing  the  sheet  with  the  break. 

615 

-  3. 

Clean  with  wire  brush  or  emery  cloth  and  apply  flux. 

615 

-  4, 

Make  a  patch  from  like  material;  use  roofing  cement  and  blind 

rivets  to  fasten  the  patch  in  place. 

615 

'  5, 

Solder,  usually  50/50. 

616 

-  1, 

Fascia  and  gravel  guard  flashing. 

616 

-  2. 

Ridge  flashing. 

616 

-  3. 

a.    With  bolts,  screws,  rivets,  nails,  or  cleats. 

b.    Always  use  the  same  kind  of  material  as  the  flashing. 
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616 

4. 

Fascia  and  gravel  guard  fla.shini?.  ajid  ii  ^liould  be  u  idc  enough 

to  extend  under  the  ruofng  material  4  inches  and  cover  the 

(-111  lie  1  d^C  lu  . 

O  1  o 

Gable  flashing. 

616 

6. 

On  the  ridge  of  a  roof;  it  should  he  lapped  at  ^ msI  4  inches. 

fil  7 
o  1  / 

1 . 

Tar  stop. 

O  1  / 

Piece  A  ot  an  expansion  Joint. 

fx  1 7 

(a)  Clean  the  area,  (b)  apply  tlux.  Liiid  (c)  apply  50  5()  solder. 

618 

- 

1. 

Half-round  double-bead  gutter. 

618 

- 

2. 

Nonhardening  type. 

618 

3. 

Fermles  and  spikes. 

A  1  B 

A 

Strainer. 

0 1  O 

C 

J  . 

On  the  iiont,  the  ogee  gutter  has  i\  slou'  S-shape. 

6. 

LJiiu  tap,  ncio  in  pia^L  Dv  iriCiU'ii,  soiucr«  oi  piasuc  CL  iiictit 

619 

- 

1. 

Route  water  from  the  gutter  to  the  drainage  system. 

619 

- 

2. 

Cold  areas;  freezes. 

619 

3. 

They  will  match  the  gutters. 

619 

4 

^v\jiuiii^  Miurp  lums. 

619 

5 

I  ICVCIll  VVualllllti;  me  NUil  ilWiiy. 

619 

AMI  allCIKJl  U<>ill  illlU  MIUp  Ililll^Cr. 

620 

- 

1. 

Opposite  the  downspout  and  as  close  to  the  eave  overhang  as 

possible. 

620 

- 

2 

Mastic  (plastic  cement). 

620 

- 

3. 

Secure  the  downspout  in  place  by  placing  sheet  metal  .screws 

through  the  hanger  into  the  downspout. 

620 

4. 

Not  over  30  inches  apart. 

Slipjoints  are  installed  with  mastic. 

620 

6. 

1V1L.(1MJI(.  IIIC  UlMdllCL  DLlWCCn  IIIL  pOLNLlS  Ol  UlL  Slip  JOimS. 

620 

•7 

6  inches. 

f^i  1 

1 

1 

Remove  all  of  the  old  mastic  and  reseal  with  new  niitstic 

A7  1 

z . 

Replace  it  with  a  like  hanger. 

AT  1 

■1 

Clean  the  area  around  the  hole  and  solder. 

622 

- 

1, 

Sketch   the  gutter,   including  dimensions  and   shape,  and 

determine  what  material  to  use. 

622 

2. 

Priek-punch  the  bend  lines. 

622 

3 

Cornice  brake  with  a  former. 

ozz 

A 

Make  the  first  four  bends  on  the  second  gutter;  then  you  can 

maJce  all  the  curve  bends  when  you  put  the  former  in. 

623 

- 

1, 

The  3/8-inch  flanges  on  three  sides  of  the  drop  outlet  are  bent 

out  90°  with  a  stake  and  mallet. 

623 

- 

2, 

Three- 

623 

- 

3. 

Inside. 

623 

- 

4. 

Left  and  right  ends. 

623 

- 

5. 

In  the  back. 

623 

- 

6. 

The  one  at  the  back  remains  straight  to  fit  the  back  of  the  gutter. 

623 

- 

7. 

With  rivets  or  spot  weld. 

623 

— 

8, 

1/2  inch,  on  only  one  piece. 

623 

9. 

Inside. 

62^ 

1  n 

.  A  6-foot  section  of  2  x  2  x  1/4  angle  iron. 

.  An  item  placed  at  the  bottom  of  a  leadei'  to  turn  water  out  away 

from  the  building.  It  is  made  by  making  two  45°  miters. 

624 

1. 

Test  the  new  gutter  wj  ?    /ater  to  insure  that  the  water  will  flow 

out.  Make  the  test  before  you  install  any  other  components. 

/I 

OZ4 

z. 

Three. 

CHAfTER  4 

625 

- 

1. 

(1)  c. 

(2)  b. 

(3)  a. 

(4)  a. 

(5)  e. 

626 

1. 

b,  d,  e. 

627 

1. 

(1)  e. 

(2)  d. 

(3)  g. 

(4)  f. 

(5)  b. 
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f^)  a. 
(7)  d. 


>  .^8  - 

1. 

a,  d,  c. 

6.>9  - 

1, 

(1)  h. 

(2)  a. 

630  - 

1. 

a,  d,  e,  f,  g,  i,  j. 

631  - 

1. 

b,  f,  g,  i. 

632  - 

1 

633  - 

1. 

Left  hand. 

633  - 

2 

It  has  the  hinges  on  the  right  and  swing*  out  uoward  you)  as 

you  face  it  from  the  outside. 

633  - 

3. 

On  the  ouiside. 

J 

Detemiine  tne  cause  ot  tne  damage. 

2 

By  drilling  through  the  casing  and  plug  welding  the  hinge  pUilc 

in  place. 

634  - 

3. 

Difficult  to  close  and  springs  open. 

634  - 

4. 

Taper,  because  of  the  long  tapered  section  at  the  starling:  end 

which  helps  center  and  guide  the  lap  into  the  hole. 

634  - 

5. 

In  a  blind  hole  because  threads  will  not  be  cut  the  full  depth  of 

the  hole. 

634  - 

6. 

F. 

635  - 

1. 

Rollup. 

635  - 

2. 

The  shaft  has  cables  and  cable  drums .  The  cables  attach  to  the 

bottom  panel  and  wind  around  the  cable  drum  as  the  door  is 
raised. 


636  -  1.  Place  a  straight  edge  across  the  face  of  the  sprockets.  The 
straight  edge  must  contact  the  full  face  of  both  gears  for  proper 
alignment. 

636  -  2.    Parafin  wax  or  silicone,  because  these  lubricants  do  not  attract 

dirt  as  other  lubricants  do. 
636  -  3.    Adjust  the  cable  drums  to  level  the  door. 

636  -  4.    To  obtain  an  accurate  count  of  the  number  of  revolutions  the 

spring  has  been  wound. 
636  -  5.    It  should  fall  through  the  midrange  of  its  travel  and  barely  tend 

to  lift  off  the  floor.  When  opened  it  should  snap  into  the  head 

assembly. 


637  - 

1. 

By  adjusting  the  wheels  you  can  raise  or  lower  each  end  of  the 

door  independently. 

637  - 

2. 

Limit  switch  operation. 

637  - 

3. 

Because  they  attract  dust,  dirt  and  sand. 

638  - 

1. 

To  support  the  gate  and  prevent  its  being  removed  easily. 

638  - 

2. 

Proper  lubrication,  roller  positioning,  and  broken  or  worn 

components. 

CH  AnbR5 


639  - 

1. 

Before  each  use. 

639  - 

2 

Overloaded. 

639  - 

3. 

15  per  cent. 

639  - 

4. 

Internal  cracks. 

640  - 

1. 

Year. 

640  - 

2 

The  amount  of  use 

640  - 

3. 

Highly  polished. 

640  - 

4. 

Load  chain. 

640  - 

5. 

Brake  mechanism. 

641  - 

1. 

Operational  test. 

641  - 

2. 

Unloaded. 

641  - 

3. 

125. 

641  - 

4. 

100. 

78 
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CHANGES  FOR  THE  TEXT:  VOLUME  5 
Pcn-and-Ink  ChanRCs: 

Pai;cCol  Suhjecl  /.i/kTv) 


6R 

26R 

42L 

57L/R-58L/R 


6  t'r  hot 

30 

7 


840 


Ct^rrt'ction 

Change  'Mess**  to  ''more/* 
Change  ".08''  to  '\03/* 
After  " fluxing**  add  a  eomma. 

Delete  objeetivc  segment  840.  including  exercises  and  figure  6-9. 


63R 


Delete  all  840  answers. 


2  J 
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CHANGES  FOR  THE  TEXT:  VOLUME  6 
Pen-and-ink  Changes: 


PasiC-Col  Suhjec!  l.incis) 

2L  7 

17 
18 

49R  15 
52L  9 
60R  23 


Correction 

After  "series"  add  "of  plug  receptacles. " 
Change  ^'positive**  to  '^fivgative 
Chang  :;  ' 'nei^cifivc"  to  '^posidvc/' 
riiange  "olate"  to  "plate." 
Change  "purpose"  to  "purple." 
Change  "side"  to  "size." 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  student-centered  objectives.  Each  of  these 
carries  a  three-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that  follows  the 
objective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following  the  information  give 
you  a  check  on  your  achievement.  When  you  complete  them,  see  whether  your  answers  match  those  in  the  back 
of  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text. 


BCE  Organszation,  Career  Progression; 
and  Publications 


THOSE  OF  US  who  are  engaged  in  constructing,  repairing, 
and  maintaining  Air  Force  property  recognize  it  as  a  very 
important  Air  Force  job.  Just  as  buildings  will  deteriorate  if 
not  kept  in  a  reasonable  state  of  repair,  so  will  other  Air 
Force  facilities  run  down  and  eventually  become 
unserviceable.  The  upkeep  of  Air  Force  buildings  is  of 
primary  concern  to  the  Air  Force  and  to  the  metal 
fabricating  specialist. 

The  Air  Force  owns  a  tremendous  number  of  facilities.  If 
you  were  to  compare  the  real  estate  property  of  the  entire 
U.S.  Air  Force  with  the  physical  plants  of  civilian  industrial 
businesses,  you  would  have  to  add  up  the  value  of  some  10 
to  15  of  the  more  significant,  each  considered  a  giant,  to 
total  the  value  of  Air  Pbrce  real  property.  Such  businesses 
could  include  all  physical  assets  General  Motors,  Ford, 
Chrysler,  Standard  Oil,  Texaco,  American  Telephone  and 
Telegraph,  Goodyear,  International  Harvester,  American 
Tobacco  Company,  and  the  Carrier  Corporation,  among 
others. 

The  cost  of  servicing,  operating,  and  maintaining  this  Air 
Force  property  is  tremendous.  Yet  Air  Force  funds,  like 
your  personal  funds,  are  limited.  Have  you  bought  metal 
roofing  lately?  The  cost  of  lumber,  tools,  and  other  building 
materials  has  skyrocketed  in  the  past  few  years.  Your  job  is 
not  only  that  of  construction  and  maintenance  but  also  using 
Air  Force  resources  wisely.  Don't  waste  materials  or  your 
time.  To  waste  either  is  to  waste  Air  Force  money.  Learn 
your  job  well  so  that  you  can  operate  more  efficiently. 
Learn  also  how  to  cooperate  with  other  workers  in  the  civil 
engineering  organization.  When  we  all  work  together 
toward  common  goals,  we  stretch  the  Air  Force  dollar  and 
make  it  go  further,  thereby  giving  the  American  people 
more  value  for  their  investment. 

In  this  chapter,  you  will  cover  the  base  civil  engineering 
organizational  structure,  mission  of  the  55  career  field, 
duties  and  responsibilities  of  the  metal  fabricating 
specialist,  publications,  and  security. 

1-1.  Base  Civil  Engineering  Organization 

The  base  civil  engineering  organization  is  commanded 
by  an  Air  Force  officer  who  is  called  the  base  civil  engineer 


(BCE).  He  or  she  is  responsible  for  all  the  work  done  by 
Civil  Engineering  (CE).  The  job  includes  getting  maximum 
efficiency  for  each  dollar  spent  while  attaining  planned 
objectives.  This  means  that  human  resources,  material 
resources,  and  financial  resources  must  be  consumed  in  the 
most  effective  way  possible  to  meet  the  goals  of  the 
organization. 

CE  is  a  large,  complex  organization  with  many  jobs 
going  on  at  the  same  time.  The  BCE  uses  many  assistants  to 
help  manage  the  organization.  One  of  these  managers  is  the 
structural  superintendent.  This  person  manages  the 
structures  activities,  which  include  (among  others)  metal 
working. 

You  and  the  people  in  your  shop  will  fabricate,  repair, 
weld,  and  install  sheet  metal  and  metal  components.  You 
will  be  >vorking  with  the  carpenters,  plumbers,  painters, 
and  masons  in  constructing  and  repairing  base  facilities. 
Before  getting  an  in-depth  look  at  your  job  tasks,  let's  take 
a  look  at  the  overall  mission  of  a  civil  engineering 
organization. 


001.  From  a  list  of  activities,  select  those  th-^t  pertain  \  o 
the  overall  mission  of  a  civil  engineering  oiganization. 


Base  Civil  Engineering  Mission.  The  primary  mission 
of  civil  engineering  is  to  acquire,  construct,  maintain,  and 
operate  real  property  facilities  and  other  support  work  and 
services.  Examples  of  overall  mission  are: 

•  Acquire  land  to  contruct  military  family  housing. 

•  Construct  air-conditioning  ducts. 

•  Modify  and  repair  buildings. 

•  Operate  and  maintain  heating  plants, 

•  Provide  water  and  electricity  to  base  facilities. 

Although  CE  provides  utilities  to  base  facilities  and 
performs  maintenance  on  them,  CE  does  not  operate  most 
facilities  on  base.  These  functions  belong  to  other  Air  Force 
units.  For  example,  CE  does  not  operate  aircraft,  missiles, 
clubs,  or  dining  halls. 
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Exercises  (001): 


4,  Mechanical, 


Write  yes  beside  each  activity  that  directly  pertains  to  the 
BCE  overall  mission.  Write  no  beside  the  others. 


1 

—    1 , 

Fuel  aircraft. 

.2. 

Acquire  land. 

.  3. 

Paint  aircraft  hangar. 

Maintain  missiles. 

5, 

Provide  natural  gas. 

6, 

Engineer  air  conditioning  for  facility. 

7, 

Operate  dining  hall. 

8 

Manage  Air  Force  real  property. 

9, 

Repair  concrete  floor  in  aircraft  hangar. 

10, 

Operate  NCO  club. 

11, 

Con':tnjct  concrete  walk. 

12, 

Maintain  asphalt  parking  lot. 

002.  State  the  command  level  of  various  units  on  a  CE 
organizational  chart. 

Civil  Engineer  Organization  Chart.  Figure  l-I,  Base 
Civil  Engineer  Organization  Chart,  shows  the  structure  of 
CE,  Study  the  chart  in  order  to  learn  the  level  of  command 
throughout  the  organization.  At  the  very  top  of  the  chart  is 
the  base  civil  engineer.  The  BCE  ultimately  is  responsible 
for  CE  mission  accomplishment. 

As  President  Truman  said,  **ThL  ^tops  here," 

Passing  the  buck  in  CE  will  eventually  .^p  at  the  BCE, 
You  well  know  that  Air  Force  personnel  should  go  through 
the  chain  of  command.  If  you  skip  a  link  in  the  chain,  things 
start  to  go  wrong.  As  the  saying  goes,  a  chain  is  no  stronger 
than  its  weakest  link.  The  lines  on  the  chart  represent  the 
chain  in  the  CE  structure.  Each  block  represents  an  office, 
shop,  or  unit  in  which  a  manager  or  supervisor  is  in  control. 
Find  the  metal  working  block  on  the  chart.  The  chain  of 
command  line  for  all  units  in  this  block  goes  through  the 
structural  superintendent.  From  operations,  the  command 
line  goes  up  the  chain  to  the  civil  engineer.  As  you  can  see 
from  figure  1-1,  the  BCE  holds  the  chief  of  operations 
responsible  for  all  the  CE  shops.  Resources  and 
Requirements  is  not  in  a  direct  command  line  to  the 
structural  shop.  It  works  in  a  staff  function  to  help  the 
operations  chief.  From  the  example  above,  you  should  be 
able  to  trace  the  command  line  through  the  various  units. 
Let's  see  if  you  can. 

Exercises  (002): 

Refer  to  figure  1-1  and  name  the  command  block 
immediately  above  each  of  these  CE  units, 

1,  Heat  Systems, 


2,   Custodial  Services, 


3,  Planning, 
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5.  Equipment  Operations, 


6,  Fire  Protection, 


7,  Industrial  Engineering, 


8,  SQDSEC. 


9.  Masonry, 


10,  Structural, 


11,  Grounds, 


12,  Quarrj', 


003.  Identify  CE  functions  and  responsibilities  with  the 
CE  unit  to  which  they  apply. 

Base  Civil  Engineer  Responsibilities.  The  base  civil 
engineer  requires  a  number  of  CE  units  to  help  him  perform 
his  mission  and  responsibilities.  His  job  entails  even  more 
than  the  mayor  or  city  manager  of  a  large  city.  Although  the 
mayor  is  responsible  for  providing  the  city  with  fire 
prevention  equipment  and  police  protection,  garbage  and 
refuse  collection  and  disposal,  and  furnishing  utility 
services,  the  BCE  in  addition  to  the  above  responsibilities 
must: 

•  Maintain  real  property  facilities  in  condition  for 
normal  use, 

•  Conserve  natural  resources  and  control  environmental 
pollution, 

•  Construct  and  alter  facilities  to  support  mission 
changes, 

•  Provide  management  and  professional  engineering 
services  to  insure  effective  and  economical  operation 
of  all  activities. 

These  activities  are  broad  in  scope.  Now  let's  take  a  look 
at  the  CE  units  that  help  the  BCE  perform  this  mission,  let's 
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break  down  these  broad  areas  into  narrower  areas  of 
activities. 

Functions  and  Responsibilities  of  CE  Units.  As  we 

look  into  these  individual  sections,  refer  to  figure  1-1  as 
frequently  as  necessary  to  understand  their  mutual 
relationships. 

Squadron  and  administration.  This  unit  handles  the 
administrative  and  personnel  work  of  the  CE  organization. 
The  administrative  section  receives,  distributes,  and 
dispatches  all  communications  for  CE;  prepares  reports  and 
correspondence;  maintains  correspondence  files;  maintains 
the  CE  library;  conducts  special  programs,  such  as  fund 
drives  and  awards;  and  supervises  the  records.  The 
squadron  section  takes  personnel  actions  delegated  by  the 
squadron  commander.  Some  of  these  duties  include 
counseling,  maintaining  duty  rosterSv  conducting  general 
military  training  and  commander*s  call,  and  enforcing 
discipline. 

Industrial  engineering  analysis  (IE).  This  unit  serves  as 
a  general  evaluation  and  advisory  group.  The  unit  evaluates 
work  performed  by  all  CE  personnel.  IE  personnel  inspect 
facilities,  equipment,  programs,  and  procedures.  They 
identify  deficiencies  and  recommend  corrective  action.  If 
the  size  of  the  base  warrants  an  automated  system,  the 
industrial  engineering  section  implements  it,  monitors  and 
interprets  the  results,  and  uses  the  information  to  advise  the 
BCE, 

The  quality  control  section  of  industrial  engineering 
inspects  in-house  and  self-help  work  while  it  is  in  progress 
to  determine  work  quality,  work  force  efficiency, 
supervisor  adequacy,  and  directive  compliance.  This 
section  also  checks  the  adequacy  and  quality  of  the  supplies 
used  in  performing  the  work. 

Operations,  This  unit  directs,  coordinates,  and  controls 
all  work  approved  and  authorized  to  be  done  by  the  CE 
work  force.  Personnel  of  this  section  serve  as  consultants 
during  the  design  of  new  (or  alteration  of  old)  facilities.  The 
resources  and  requirements  section  serves  as  a  staff  activity 
to  operations.  This  section  assigns  priorities  and  schedules 
work  to  appropriate  shops.  This  section  also  operates  the 
service  call  system  and  controls  the  use  of  vehicles  assigned 
to  CE. 

The  main  work  areas  under  operations  are:  pavements 
and  grounds,  structures,  mechanical,  electricaJ,  electric 
power  production,  and  sanitation.  Each  of  these  areas  may 
contain  several  shops;  for  instance,  the  pavements  and 
grounds  area  contains  the  pavements  shop  and  the 
equipment  operations  shop.  Sometimes  there  are  needs  for 
other  shops,  such  as  grounds,  railroads,  asphalt  mix  plant, 
and  quarry.  These  shops  are  added  to  a  base  when  the  needs 
are  justified. 

Fire  protection.  This  unit  takes  care  of  fire  prevention 
activities  on  base.  It  performs  fire  control  services,  inspects 
and  tests  fire  protection  and  fire  alarm  systems,  and  it 
services  ground-type  portable  fire  extinguishers. 

Financial  management,  CE  financial  matters  ai'c 
managed  by  this  section.  They  are  responsible  for  financial 
plans,  budgets,  and  annual  and  long-range  work  plans.  This 
unit  also  approves  work  requests  and  obtains  materials  for 
the  approved  work. 


Engineering  and  environmental  planning.  The 
architectural  and  professional  engineering  services  for  CE 
are  handled  through  this  section.  Problems  that  are  beyond 
the  capability  of  operations  people  are  referred  to  the 
professional  engineers  of  this  unit.  This  unit  also  reviews 
and  develops  technical  provisions  of  contracts  for  real 
property  facilities.  This  section  prepares  architectural  and 
engineering  drawings  and  maps  to  support  the  base  master 
plan.  In  addition,  section  personnel  monitor  all  real 
properly  facilities  and  systems  to  develop  improvements 
and  to  update  systems  or  equipment.  They  also  make 
technical  inspections  of  all  maintenance,  repair, 
construction,  and  service  work  done  by  contract  to  assure 
quality  work  and  contract  compliance. 

Family  housing  management.  This  unit  manages 
activities  in  the  following  functional  areas: 

•  Use  of  military  family  housing  including  inquiries, 
interviews,  assignments,  terminations,  and  related 
administrative  work. 

•  Planning,  programming,  and  budgeting  for 
maintenance,  repair,  alternation,  and  new 
construction  applicable  to  military  family  housing. 

•  Change-of-occupancy  inspection. 

•  Housing  referral  services. 

Exercises  (003): 

1.  Match  each  BCE  unit  in  column  B  with  its  function  in 
column  A. 


Column  A 

—  (1)  Dispatches   letters  to  base 

organizations. 

—  (2)  Checks     the     quality  of 

lumber. 

—  (3)  Operates  service  calls. 

—  (4)  Repairs  bituminous 

pavements. 

—  (5)  Fills  empty  extinguishers. 

—  (6)  Approves  work  requests. 

—  (7)  Inspects     military  family 

housing. 

—  (8)  Inspects  in-house  work. 

—  (9)  Inspects  construction  work 

performed  by  contract. 
-(10)  Removes  wall  from  section 
of  headquarters  building. 


Column  B 

a. 

Squadron  and 

Administration. 

b. 

Industrial 

Engineering. 

c. 

Operations. 

d. 

Fire 

Protection. 

e. 

Financial 

Management. 

f. 

Engineering 

and 

Environmental 

Planning. 

S- 

Family 

Housing 

Management. 

004.  Id?ntify  the  functions  of  project  RED  HORSE. 

Functions  of  RED  HORSE.  Air  Force  squadrons  with 
the  title  of  RED  HORSE  have  the  ability  to  repair  major 
damage  that  is  inflicted  upon  a  base.  Like  BEEF,  RED 
HORSE  is  an  acronym:  RED  means  **rapid  engineer 
deployable,"  and  HORSE  means  '*heavy  operations  repair 
squadron,  engineer."  When  you  put  it  all  together,  RED 
HORSE  means  "rapid  engineer  deployable  heavy 
operations  repair  squadron,  engineer."  Try  telling  your 
friend  the  title  of  that  unit.  It's  a  mouthful  isn*t  it?  "RED 
HORSE"  is  so  much  easier  for  you  to  say.  The  full  title, 
however,  pretty  well  explains  the  function  of  the  unit. 
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RED  HORSE  squadrons  provide  heavy  equipment  repair 
and  construction  of  base  facilities  when  and  where  the 
requirements  exceed  the  base  CE's  capabilities  and  when 
Army  or  Navy  support  is  not  readily  available.  These 
squadrons  are  fomied  with  trained  personnel  from  all  major 
commands.  Personnel  are  given  training  to  make  them 
proficient  in  all  areas  of  their  skills.  Tho  training  is 
necessary  to  meet  the  high  standards  required  of  RED 
HORSE  squadrons.  RED  HORSE  squadrons  are  capable  of 
rcpid  deployment  and  are  responsive  to  the  following: 

•  Worldwide  requirements  as  directed  by  Headquarters 
USAF, 

•  Establishing  new  base  facilities  or  expanding  and 
upgrading  existing  base  facilities. 

•  Repairing  or  replacing  damaged  or  destroyed  facilities 
in  combat  zones. 

•  Meeting  recovery  requirements  for  Air  Force  facilities 
in  case  of  natural  disasters. 

•  Training  exercises,  maneuvers,  and  special  projects. 

RED  HORSE  also  makes  major  constniction  alterations  and 
additions  to  an  existing  base,  as  would  be  the  case  when  a 
runway  is  lengthened,  a  hangar  is  built,  or  aircraft  parking 
ramps  and  taxiways  are  constructed.  The  RED  HORSE 
squadron  can  move  on  to  an  abandoned  air  base  and  restore 
it  to  the  extent  necessary  for  flying  operations.  Likewise, 
the  squadron  can  move  into  an  area  where  there  has  never 
been  a  base  and  build  one. 

Exercises  ^004): 

Mark  the  following  statements  on  the  function  of  RED 
HORSE  with  a  •'C"  if  they  are  correct;  "I"  if  incorrect, 

 1,    Squadrons  are  formed  from  trained  personnel 

from  all  major  commands, 
 2.    Provide  heavy  repair  and  construction  when 

Army  or  Navy  support  is  not  readily  available. 
 3.    Provide   depot   level   maintenance   for  real 

property  installed  equipment. 
 4,    Have  the  ability  to  repair  major  damage  that 

may  be  inflicted  upon  a  base, 
 5,    Perform  major  construction  alterations  and 

additions  itions  to  an  existing  base. 
 6.    Have  the  capability,  but  are  not  required  to 

build  a  new  base. 

005.  Give  the  meaning  of  BEEF»  and  identify  six 
objectives  of  the  Prime  BEEF  program. 

Project  Prime  BEEF.  *'When  the  whistle  blows,  are  we 
ready  to  go?"  This  was  the  question  the  Deput>'  Director  in 
CE  Operations,  HQ  USAF,  asked  in  December  1963,  The 
answer  was  ''no,"  However,  under  Project  Prime  BEEF  the 
answer  is  **yes."  Project  iMme  BEEF  creates  within  Air 
Force  civil  engineering  the  ability  to  respond  to 
emergencies.  The  emergencies  may  result  from  acts  of 
aggression  or  disasters. 

The  role  of  civil  engineering  has  changed  considerably 
since  World  War  II.  Civil  engineering  now  has  a  direct 
combat  support  role.  If  you  are  selected  to  be  a  member  of 
the  base  engineer  emergency  forces  team,  you  must  train  to 


become  more  involved  in  contingency  operations.  In 
normal  BCE  operation,  you  will  be  a  member  of  a  BEEF 
team  and  be  trained  and  prepared  to  deploy  with  that  team 
on  relatively  short  notice,  Zliis  training  will  not  only  give 
you  the  knowledge  and  ability  to  perform  various  required 
tasks  of  contingency  operation  bat  will  give  you  the 
knowledge  and  ability  to  protect  these  facilities  from  enemy 
acts, 

BEEF  means  ''base  engineer  emergency  forces,"  This 
type  of  force  is  made  up  of  selected  airmen  and  officers  at 
bases  throughout  the  United  States,  The  personnel  are 
members  of  units  within  the  force,  called  Prime  BEEF 
teams.  In  the  event  of  an  enemy  attack,  a  natural  disaster, 
or  an  emergency  workload  (at  either  a  stateside  or  an 
oversea  base)  a  BEEF  team  can  be  made  available  to 
supplement  the  work  force  at  the  affected  base.  There  are  a 
number  of  Prime  BEEF  teams,  with  six  major  objectives 
stated  in  APR  93-3,  flAir  Force  Civil  Engineering  Prime 
(BEEF)  Program-Base  Engineering  Emergency  Force, 

(1)  Align  the  civil  engineering  military  force  to  perform 
direct  combat  support  tasks  in  support  of  the  Air  Force 
mission  worldwide, 

(2)  Develop  and  maintain  a  highly  skilled  mobile  military 
engineering  force  capable  of  rapid  response  for  direct 
combat  support  of  worldwide  contingency  operations, 

(3)  Insure  effective  use  of  the  civilian  engineering  forcct 
in  meeting  requirements  generated  as  a  result  of  natural 
disasters  and  in  response  to  indirect  combat  support  need. 

(4)  Provide  supplementary  training  as  necessary  to  insure 
tliat  military  personnel  are  capable  of  performing  tasks 
peculiar  to  direct  combat  support  operations. 

(5)  A  balanced  military-civilian  mix  providing  equitable 
career  development  opportunities  for  both  military  and 
civilian  personnel, 

(6)  Provide  an  adequate  military  manning  base  to  support 
Air  Force  rotation  requirements. 

Exercises  (005): 

1 ,  What  do  the  letters  BEEF  stand  for  in  the  Prime  BEEF 
program? 


2.  Write  BEEF  in  the  blank  before  each  objective  of  the 
Prime  BEEF  program, 

 a.    Balanced  military-civilian  mix. 

 b.    Unskilled  personnel  tabbed  for  training  in 

an  emergency, 
 c.    Military   manning   to   support  rotation 

requirements, 
 d.    Supplemental  training  to  perform  direct 

combat  support  tasks. 

 e.    Mobile  rapid  response  capability, 

 f.    Trained  military  personnel  for  permanent 

overseas  duty. 
 g.    CE  military  force  to  perform  direct  combat 

support  roles, 

 h.    Effective  use  of  civilian  personnel  to 

satisfy  indirect  combat  support  needs. 
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1-2.  Career  Progression 

How  would  you  like  to  be  the  superintendent  of 
structures  before  you  have  20  years  in  the  Air  Force?  You 
might  say  **I  would  have  to  be  extremely  lucky,"  Or,  as 
most  airmen  who  don*t  make  E-8  or  E-9  by  the  time  they 
have  been  in  20  years,  didn't  know  the  right  people,*' 
The  fact  is,  you  can  progress  to  a  high  rank  if  you  are 
willing  to  follow  four  simple  rules.  These  rules  work.  They 
rarely  fail.  Ask  E-Ss  or  E-9s,  They  will  verify  these  four 
rules  for  success  in  any  field: 

(1)  Work  hard, 

(2)  Study  effectively, 

(3)  Cooperate  with  other  workers, 

(4)  Listen  to  and  respond  positively  to  the  desires  of  your 
immediate  supervisor. 


2,   What  course  is  desirable  for  the  first  step  up  the  ladder 
for: 

a.  Pavements? 


b.  Construction  equipment? 


3,  As  an  apprentice,  what  is  the  AFSC  for: 
a.  Carpenter? 


006.  Use  an  Airman  Structural/Pavements  Career  Field 
Chart  to  state  requirements  for  progression  in  the  55 
career  field. 

Progression  in  the  55  Career  Field.  The  chart  in  figure 
1-2  is  the  Airman  Civil  Engineering  Structural/  Pavements 
Career  Field  Chart,  The  55  career  field  is  a  family  of 
closely  related  Air  Force  specialties.  Your  specialty,  as  you 
well  know,  is  metal  fabricating.  By  observing  the  chart, 
you  can  see  how  you  fit  into  the  picture.  Notice  that  your 
present  position  is  an  Apprentice  Metal  Fabricator,  AFSC 
55232,  It  is  shown  just  below  the  position  you  are  now 
working  for,  a  Metal  Fabricating  Specialist,  AFSC  5525i. 
The  grade  for  an  apprentice  in  the  55  career  field  is  E-3;  for 
the  specialist  it  varies  from  E-3  upwards  through  E--4  to 
E-5. 

To  trace  the  progression  in  the  career  field,  start  at  the 
bottom  of  the  chart.  In  our  example,  we  will  progress 
through  the  plumber  portion  of  the  career  ladder.  In  your 
exercises,  you  will  trace  progress  through  other  specialties. 
By  following  the  black  line,  you  can  see  that  a  basic  airman 
(AFSC  99000)  enters  the  career  field  ar,  a  plumbing  helper 
(AFSC  55215).  From  the  55215,  the  airman  goes  through 
the  basic  plumbing  course.  Upon  graduation,  he  or  she 
becomes  an  apprentice  plumber  (AFSC  55235).  With  on- 
the-job  training,  he  or  she  advances  to  the  plumbing 
specialist  (AFSC  55255).  The  next  advancement  is  to  the 
plumbing  technician  (AFSC  55275),  and  the  top  of  the 
ladder  is  structural  superintendent  (AFSC  55299),  This 
person's  top  rank  as  a  superintendent  is  E-8, 


b.  Mason? 


c.  Metal  fabricator? 


4,  What  is  the  AFSC  for  the  specialist: 
a.  Plumber? 


b.  Engineering  Assistant? 


5.   What  is  the  title  and  AFSC  of  progression  to  the 
technician  from  the  three  level  in: 

a.  Pavements? 


b.  Construction  equipment? 


Exercises  (006): 


6.  What  is  the  title  and  AFSC  of  the  highest  grade  that 
can  be  attained  by  progressing  up  the  pavements 
ladder? 


Refer  to  figure  1-2, 

1.  From  basic  airman,  what  is  the  first  AFSC  in  >  jur 
ladder? 


4/ 


007.  Identify  given  tasks  with  the  appropriate  specialty 
in  the  55  career  field. 

Functions  of  the  55  Career  Field.  The  Airman  Civil 
Engineering  Structural/Pavements  Career  Field  includes 
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construction  and  maintenance  of  structural  facilities  and 
pavement  areas.  It  includes  maintaining  pavements, 
railroads,  and  soil  bases;  performing  erosion  control;  and 
operating  heavy  equipment.  The  structural  area  includes 
carpentry,  masonry,  metal  fabrication,  protective  coating, 
and  plumbing  construction  and  maintenance.  Thj  55  career 
field  also  includes  engineering  assistant,  real  estate-cost- 
management  analysis,  and  programs  and  work  control 
functions. 

Pavement  Maintenance  Specialist  (55150).  This 
specialist  constructs,  maintains,  and  repairs  airfield 
pavements,  streets,  walks,  parking  areas,  and  associated 
drainage. 

Construction  Equipment  Operator  (55151).  The 
equipment  operators  operate  and  maintain  equipment  such 
as:  dozers,  front-end  loaders,  sweepers,  graders,  and 
cranes.  They  use  this  equipment  to  level,  grade,  and  fill 
surface  They  lift  and  move  heavy  objects  such  as  sand 
gravel.  The  specialty  calls  for  excavating  ditches, 
stablizing  and  compacting  soil,  and  removing  snow  and  ice 
from  surface  areas . 

Carpentry  Specialist  (55250),  This  job  includes  laying 
out  work  and  preparing  materials  for  use.  Carpentry 
specialists  construct,  modify,  and  repair  buildings. 
Specialists  assemble  and  erect  prefabricated  or  portable 
structures.  In  addition,  they  fabricate  and  repair  interior 
facilities;  construct  packing  and  shipping  containers; 
maintain  woodworking  tools;  install  and  repair  building 
hardware;  and  supervise  carpentry  personnel. 

Metal  Fabricating  Specialist  (55252).  In  our  field,  the 
specialist  fabricates,  repairs,  installs,  and  maintains  metal 
articles,  parts,  and  assemblies  (such  as  heating  and 
ventilating  ducts,  metal  roofing,  gutters,  and  downspouts; 
shower  stalls,  sink  lops,  steamtables,  and  metal  buildings). 

Masonry  Specialist  (55253).  Notice  in  figure  1-2  that  as 
the  carpentry  specialist  and  the  masonry  specialist  climb  the 
career  ladder,  they  both  become  structural  technicians  at  the 
7  level.  The  masonry  specialist  advises  the  carpentry 
specialist  in  placing  and  building  forms.  They  construct 
concrete  footings,  foundations,  and  floor  slabs  and  lay 
brick,  building  blocks,  stone,  and  tile.  In  addition,  they 
plaster  the  interior  and  exterior  of  buildings. 

Protective  Coating  Specialist  (55254).  This  specialist 
applies  coatings  (such  as  paint)  to  structural  surfaces. 
Before  applying  the  coating,  he  or  she  must  prepare  the 
surface  by  eliminating  or  neutralizing  surface  films.  This 
specialist  makes  surface  repairs  to  cracks  or  holes  in  wood, 
metal,  masonry,  or  concrete  surfaces  with  fillers  or 
sealants;  also,  applies  markings  to  runways,  roads,  and 
parking  lots. 

Plrmbing  Specialist  (AFSC  55255).  Personnel  holding 
this  position  read  and  interpret  blueprints,  and  maintain 
plumbing  fixtures  such  as  heating  devices,  sinks,  toilets, 
showers,  water  heaters,  radiators,  sterilizers,  and  laundry 
machinery. 

Engineering  Assistant  Specialist  (55350).  These 
individuals  perform  construction  materials  tests,  prepare 
engineering  drawings;  perform  surveys,  assist  professional 
engineers  on  project  designs;  and  perform  other  general 
engineering  tasks. 


Civil  Engineering  Resources  Management  Specialist 
(55450).  Personnel  who  work  in  this  position  maintain 
records  and  accounts  for  real  estate-cost-management 
analysis  activities;  prepare  summaries  of  statistical,  cost 
accounting,  and  management  data  reflecting  actual  versus 
planned  performance  with  objectives;  and  ascertain 
variances  from  work  plans. 

Production  Control  Technician  (55570).  In  this  area  of 
CE,  there  is  no  5  skill  level.  The  55530  may  be  semiskilled 
or  apprentice.  Note  from  figure  1-2  that  input  to  this  career 
ladder  is  from  any  5  level  in  the  54,  55,  or  56  career  field. 
The  programs  and  work  control  technician  identifies,  plans, 
monitors,  and  supervises  work  requirements  for 
maintenance,  repair,  and  minor  construction  woric 
performed  by  civil  engineering  work  forces  and/or  contract. 
He  or  she  also  supervises  programs  and  work  control 
activities. 

When  you  become  a  metal  fabricating  specialist,  your 
contact  with  other  members  of  the  55  career  field  assumes  a 
cooperative  attitude.  This  will  help  CE  to  get  the  jobs  done 
faster  and  more  efficiently,  which  is  a  prime  objective  of 
the  CE  work  forces. 

Exercises  (007): 

1.  Match  the  tasks  in  column  A  with  the  appropriate 
specialties  in  column  B. 


Column  A 

Column  B 

(I) 

Plans     Mork     for  minor 

a. 

Pavements 

construction. 

maintenance. 

(2) 

Surveys     a     IcK-niion  lo 

b. 

Equipment 

•:3) 

construct  a  building. 

operator. 

Levels  the  construction  site. 

c. 

Carpentry. 

(4) 

Constructs  the  concrete  floor 

d. 

Masonry. 

slab. 

c 

Plumbing. 

(5) 

Erects   the    frame   of  the 

f. 

Engineering 

building. 

assistant. 

(6) 

Bricks  the  building  exterior. 

g' 

Metal 

(7) 

Places  hot  and  cold  pipes 

fabricating 

inside  building. 

specialist. 

(8) 

Installs  j^ypsum  boards  for 

h. 

Civil  engineer 

inside  walls. 

resource 

(9) 

Paints    interior    w  ills  and 

management. 

ceilings. 

Prcxiuction 

(10) 

Keeps  records  of  cost  of 

control. 

building. 

j- 

Protective 

(11) 

Constructs  parking  area  and 

coating. 

walks  for  building. 

(12) 

Repairs  metal  roofing. 

008.  Diflerentiate  between  duties  of  the  metal 
fabricating  specialist  and  the  technlciaai,  and  cite 
security  vulnerabilities. 

Duties  and  Responsibilities.  AFR  39-1,  fL^i^man 
Classification  Regulation,  is  tlie  official  document  that 
governs  your  duties  and  responsibilities.  Each  specialty  is 
listed  so  that  everyone  knows  what  is  expected.  The 
specialty  description  for  Apprentice  Metal  Fabricator 
(55232)  and  the  Fabricating  Specialist  (55252)  arj  the 
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same.  This  means  that  your  duties  and  responsibilities  are 
the  same,  although  you  are  only  semiskilled  in  these  tasks. 
Let's  look  at  a  few  of  these  duties  for  both  the  specialist  and 
the  technician. 

The  metal  fabrication  specialist  draws  working  sketches 
and  makes  templates;  cuts  and  trims  metal;  drills  and 
punches  holes;  folds,  forms,  and  seams  sheet  metals; 
assembles  and  fastens  metal  parts;  fabricates,  installs,  and 
repairs  duct  sections;  repairs  small  holes  or  open  seams; 
installs  sections  of  metal  roofing;  sets  up  job  by  tack 
welding;  welds  butt,  lap,  tee,  and  comer  joints  in  all 
positions;  hard  surfaces  metals;  and  forges  metals  to 
required  shape. 

Since  you  will  probably  be  working  for  a  technician 
(55272),  and  you  will  work  towards  being  one,  you  should 
have  some  idea  of  the  duties  involved.  Since  the  metal 
fabricating  technician  has  passed  through  the  5-level 
specialist  step,  he  or  she  should  be  able  to  perform  these 
tasks.  Some  of  the  other  duties  and  responsibilities  of  the 
technician  are:  perform  trial  metal  fabrication  operations; 
advise  3nd  assist  subordinates  on  the  proper  use  and  safe 
operating  procedures  of  tools  and  machines;  solve  problems 
by  studying  schematic  diagrams  or  engineering  diawings; 
develop  procedures  for  doing  work;  adapt  directives  of 
higher  authority  to  shop  routine;  inspect  and  evaluate  metal 
activities;  plan  and  schedule  work  assignments;  supervise 
metal  cutting,  drilling,  punching,  forming,  and  welding; 
conduct  and  supervise  on-the-job  training;  and  orient  newly 
assigned  personnel. 

Security  Vulnerabilities.  In  your  job  as  a  metal 
fabricating  specialist,  you  probably  don't  feel  that  you  will 
have  any  information  or  be  exposed  to  situations  that  would 
be  vulnerable  to  operational  security  (OPSEC)  violations. 
Granted  your  job  is  not  one  which  will  continually  expose 
you  to  classified  information  or  equipment,  but  you  see  and 
hear  much  that  can  be  called  intelligence  indicators. 

When  you  perform  maintenance  on  a  hangar,  you  ,see 
aircraft  loadings,  takeoffs,  and  landings  which  are  of 
intelligence  value.  There  will  be  occasions  when  you  are 
required  to  enter  areas  that  have  classified  equipment  and 
materials.  You  may  overhear  conversations  about  this 
material.  Whatever  you  see  or  hear,  whether  it  is  classified 
or  not,  could  be  of  intelligence  value  to  an  enemy.  If  you 
work  with  RED  HORSE,  you  may  build  prefabricated 
airfield  surface  mats,  membrane  surfeces  for  aircraft 
landings,  aircraft  protective  revetments,  and  pavements  in 
forward  areas  of  possible  combat.  These  and  many  more 
types  of  jobs  that  you  perform  are  subject  to  enemy 
intelligence.  You  should  never  tell  a  person  without  a  need 
to  know  what  you  hear,  see,  or  do  on  your  job. 

Exercises  (008): 

1,  Write  S  (for  specialist)  or  T  (for  technician)  before 
each  duty, 

 (1)  Orients  newly  assigned  personnel, 

 (2)  Draws    working    sketches    and  makes 

templates, 

 (3)  Drills  and  punches  holes, 

 (4)  Supervises  metal  cutting  and  welding, 

 (5)  Inspects  and  evaluates  metal  activities. 


 (6)  Installs  sections  of  metal  rooting. 

 (7)  Develops  procedure  fordoing  work. 

 (8)  Performs  trial  metal  fabrication  operations. 

 (9)  Hard  suifaccs  metal. 

 ( 1 0)  F'orges  metals  to  required  shape, 

2.   What  can  bits  of  unclassified  information  be  called? 


3.   Who  can  Ik  (old  about  what  you  see  or  hear  on  the  job 
which  may  have  intclli^;cnce  value? 


4.   What  n  pe  of  information  will  you  be  exposed  to  that 
has  possible  intelligence  value? 


009.  State  the  purpose  of  the  graduate  evaluation 
program  and  the  reasons  to  complete  AF  Form  1284. 

Field  Evaluation  of  Formal  School  Graduates.  To 

determine  the  effectiveness  of  formal  schools  and  career 
develop-nent  courses  (CDC),  an  evaluation  is  made  of 
recent  graduates.  The  training  activity  '^.eeds  to  know  how 
well  the  students  are  doing  on  the  job.  This  information  is 
used  to  make  adjustments  in  training  and  (possibly)  the 
specialty  training  standard  (STS),  These  evaluations  are 
used  to  determine  the: 

a.  Ability  of  recent  graduates  to  perform  their  assigned 
tasks  to  the  level  of  proficiency  as  indicated  in  the  STS, 

b.  Extent  to  which  acquired  skills  are  used, 

c.  Extent  to  which  knowledge  attained  is  retained, 

d.  Need  to  revise  the  STS.  formal  courses,  or  CDCs  in 
order  to  improve  training  effectiveness  and  responsiveness 
to  the  requirements  of  the  using  commands, 

e.  Need  for  further  evaluation  of  training  problem  areas 
by  this  evaluation  of  graduates. 

We  get  this  information  from  field  evaluation  visits, 
direct  correspondence  questionnaires,  and  job  perform;xixe 
evaluation  reports. 

In  field  evaluations,  personnel  from  training  activities 
visit  the  using  agencies  to  evaluate  graduates  who  have 
been  assigned  within  6  months.  Evaluation  data  comes  from 
discussions  with  the  graduate,  immediate  supervisors,  or 
others  who  know  about  the  graduate's  performance.  Using 
an  STS  as  a  reference,  the  graduate  is  evaluated  on  the 
frequency  of  use  and  ability  to  perform  the  tasks  for  which 
trained. 

Direct  correspondence  questionnaires  are  sent  to  recent 
graduates  and  their  supervisor.  These  questionnaires  pertain 
to  the  graduate*s  qualification  in  terms  of  the  skill  and 
proficiency  levels  reflected  in  the  approved  STS, 

Job  performance  evaluations  are  made  by  the  immediate 
supervisor.  The  supervisor  will  fill  out  an  AF  Form  1284, 
Training  Quality  Report,  when: 
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a.  A  student  does  not  meet  the  proficiency  level 
specified  for  a  task  or  knowledge  listed  in  an  approved  STS. 
To  be  objective,  the  superv  isor  considers  the  elapsed  time 
between  graduation  and  operational  performance  as  well  as 
the  difference  between  training  equipment  and  operational 
equipment, 

b.  The  graduate  is  not  required  to  perform  tasks  listed  in 
the  STS  while  working  in  the  assigned  AFS. 

c.  The  STS  code  levels  or  tasks  exceed  the  requirements 
of  the  graduate's  AFSC, 

Two  copies  of  the  AF  Form  1284  are  prepared.  The 
original  is  sent  to  the  major  command  headquarters. 

The  CDC  is  evaluated  by  means  of  a  short  questionaire 
(1 1  questions)  contained  in  the  VRE  for  the  last  volume  of 
the  course.  Information  from  these  questions  will  be  used, 
along  with  other  data,  to  revise  and  change  the  course  as 
needed. 

Exercises  (009): 

I.  What  is  the  purpose  of  the  graduate  evaluation 
program? 


2.  List  two  requirements  for  the  supervisor  to  complete 
AFForm  1284. 


3.  Ferfonnel  from  training  activities  visit  using  agencies 
witliin  how  many  months  after  the  graduates  are 
assigned? 


1-3.  Publications 


Have  you  ever  bought  a  packaged  bicycle  or  stereo 
**knocked  down"  so  that  you  had  to  assemble  it?  If  you 
have,  did  you  follow  the  instructions  and  sketches  in  the 
package,  or  did  you  start  out  haphazardly  to  assemble  the 
unit  by  trial  and  error?  If  you  did  not  follow  the 
manufacturer's  instructions,  the  chances  are  that  you  had  a 
tough  time  getting  the  pieces  together  correctly  or  that  it  did 
not  operate  according  to  your  expectations. 

Instructions  from  the  manufacturer  on  assembly, 
operation,  and  maintenance  are  called  by  such  various 
names  as  assembly  instruction,  operator's  manual, 
maintenance  checklist.  The  Air  Force  has  a  system  of 
publications  that  furnish  you  the  information  you  need  to 
maintain  metal  working  equipment  and  to  do  your  job.  The 
two  main  types  of  publications  available  to  Air  Force 
personnel  are  standard  publications  and  Air  Force  technical 
orders. 


010.  Identify  Air  Force  standard  publications  with  the 
specific  type  of  information  they  contain. 


Standard  Publications.  Standard  publications  are  used 
to  announce  policies,  assign  responsibilities,  prescribe 
procedures,  issue  instructions  and  give  information.  Some 
are  in  the  form  of  regulations,  manuals,  supplements,  and 
operating  instructions,  which  are  directive.  Pamphlets, 
visual  aids,  bulletins,  and  staff  digests  are  standard 
publications  that  are  nondirective  and  intended  for 
information  or  instructional  purposes.  In  this  text,  ve  will 
only  cover  those  standard  publications  you  deal  with  most 
frequently:  regulations,  manuals,  supplements,  and 
pamphlets. 

Regulations.  Air  Force  regulations  (AFRs)  are  the 
primary  administrative  direc  ives  used  for  governing  the 
Air  Force.  Regulations  also  announce  policies,  assign 
responsibilities,  direct  actions,  and  when  necessary, 
prescribe  brief  procedural  details.  The  policies  outlined  in 
regulations  are  usually  permanent  in  nature.  This  means 
that  the  purpose  or  intent  of  the  regulation  will  remain  in 
effect  until  there  is  a  major  change  in  mission  or  objective. 

Manuals.  Air  Force  manuals  (AFMs)  contain  permanent 
and  detailed  instructions,  procedures,  and  techniques 
telling  people  how  to  perform  their  duties.  A  manual  may 
be  general  and  deal  with  principles  or  doctrine.  It  may  be  a 
combination  of  material  related  to  an  entire  function.  It  may 
also  be  a  step-by-step  directive  telling  how  to  accomplish  a 
specific  task  or  operation.  Manuals  may  include  policies  or 
assign  responsibilities  when  they  do  not  repeat  material  in 
another  Air  Force  publication.  Manuals  are  often  identical 
with  regulations.  The  Air  Force  is  in  the  process  of  phasing 
out  manuals  and  republishing  them  as  regulations,  but  this 
may  take  many  years. 

Supplements.  The  dictionary  defines  a  supplement  as 
soii.cthing  that  completes  or  makes  an  addition;  a  part 
added  to  a  publication.  For  example,  a  higher  headquarters 
issues  a  publication  for  all  units  under  its  command.  A 
lower  headquarters  can  issue  an  auxiliary  publication  that 
deals  with  the  same  subject,  but  in  more  detail.  For 
instance,  an  Air  Force  publication  dealing  with  storage  of 
water  makes  general  policy  statements  on  the  subject.  A 
command  in  Florida  and  one  in  Alaska  may  supplement  the 
regulation.  Obviously  the  protection  required  against 
freezing  will  be  different.  With  the  use  of  supplements,  a 
commander  insures  efficient  local  application  of  directives 
issued  by  higher  headquarters. 

Pamphlets.  Air  Force  pamphlets  (AFPs)  usually  contain 
information  rather  than  directive  material.  They  are 
normally  issued  as  a  booklet  or  brochure  and  may  be  written 
in  an  informal  style.  For  instance,  if  you  are  being  assigned 
overseas,  you  may  receive  a  pamphlet  concerning  the 
customs,  religions,  and  history  of  the  country  in  which  you 
will  be  stationed. 
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Exercises  (010): 

K  Match  the  type  of  publication  in  column  B  with  type  of 
information  in  column  A. 

Column  A  Column  H 

Types  of  Information  Types  of  Fuhlicntions 

 .(1)   Permanent     and     dciailcd  a.  Regulations. 

procedures   for   pcrfomnng  b.  Manuals. 

duties.  c.  Supplements. 

—  ^(2)   Customs  of  a  country.  d.  Pamphlets. 

—  .  (3)  Command         X  adds 

information  to  a  directive. 
 (4)  Sets         standards  of 

management. 
.  —  <5)   Announces     policies  and 

assigns  responsibilities. 


Oil.  Using  an  extract  from  a  numerical  and  subject 
matter  index,  locate  tlie  standard  publication  number 
and  title. 

Standard  Publication  Indexes.  Suppose  you  were 
interested  in  buying  a  tent  and  had  a  Sears  catalog.  Would 
you  page  through  the  book  until  you  happened  to  find  tents, 
or  would  you  go  to  the  index  and  then  turn  directly  to  the 
indicated  pages?  From  the  standpoint  of  efficiency  and  time 
saved,  the  answer  is  obvious. 

The  situation  is  similar  with  Air  Force  standard 
publications.  It  would  be  time  consuming  and  inefficient  to 
search  through  all  the  existing  publications  to  find  a 
particular  subject  you  need. 

You  are  aware  by  now  that  the  Air  Force  has  a 
tremendous  number  of  publications  of  various  types  with 
many  and  diverse  uses.  Naturally,  there  must  be  a  system 
for  cataloging  those  directives.  To  identify  them,  the  Air 
Force  has  adopted  the  following  system. 

Numerical  and  subject  matter  index.  Air  Force 
Regulation  0-2  is  entitled  Numerical  Index  of  Standard  and 
Recurring  Air  Force  Publications.  This  index  is  a 
combination  of  both  a  numerical  and  subject  matter  index. 
The  index  is  a  booklet  of  about  80  pages.  The  actual 
publications  it  references  would  fill  many  library-type 
cabinets.  Your  base  has  a  publications  reference  library, 
and  there  is  probably  a  library  of  Air  Force  publications  in 
the  administrative  section  of  CE,  The  library  is  there  for 
your  use — so  learn  how  to  use  it.  The  index  lists  about  100 
subjects,  which  are  identified  by  series  numbers. 

Standard  publications  numbering  system.  The  first 
number  before  the  dash  (-)  such  as  0-35  is  the  series  number 
of  the  subject  of  the  publication.  The  subject  series  0  is 
Indexes;  5  is  Publications  Management;  35  is  Military 
Personnel;  127  is  Ground  Safety;  and  205  is  Security.  Each 
of  the  subjects  is  further  identified  by  adding  a  dash  number 
to  the  basic  series  number.  For  example,  R  35-3  is  Services 
Dates  (of  military  personnel);  R  35-18  is  Financial 
Responsibility  (of  military  personnel);  and  R  35-44, 
Military  Personnel  Records  System.  The  major  series  of 
publications  that  concern  your  work  in  CE  range  from  the 
85  to  93  series: 


85  — CIViL  ENGINHEF  NG  GKNHRAL. 

86-  -CIVIL  ENGINEHRING  PROGRAMMING. 

87—  Rl:AL  PROPERTY  MANAGEMENT. 

88-  EACILITY  DESIGN  AND  PLANNING. 

89—  FACILITY  CONSTRUCTION. 

90-  ~HOUSING. 

91—  REAL  PROPERTY  OPERATION  AND  MAINTl-NANCU. 

92-  CIVIL  ENGINEERING. FIRE  PROTECTION. 

93—  SPECIAL  CIVIL  ENGINEERING. 

The  key  to  using  a  library'  is  learning  to  find  the 
publication  you  need.  APR  0-2  is  that  key.  Figure  1-3 
shows  a  page  from  an  out-of-date  AFR  0-2.  The  series  of 
standard  publications  in  this  figure  is  85,  Notice  on  the  left 
side  of  the  figure  the  entries  R,  M.  and  P,  R  means  that  the 
publications  is  an  Air  Force  regulation;  M,  Air  Force 
manual;  and  P,  Air  Force  pamphlet.  Look  at  the  entry  for 
AFM  85-8,  Its  publication  date  is  25  August  1958,  and  the 
title  is  Maintenance  of  Pavement.  The  black  square 
indicates  reprinted.  The  current  AFR  0-2  does  not  list  AFM 
85-8  .  but  does  list  AFR  85-8  as  Maintenance  and  Repair  of 
Surface  Areas,  with  a  publication  date  of  31  March  1977, 
The  publication  has  been  changed  from  a  manual  to  a 
regulation  and  the  title  has  changed,  but  the  numbering 
enables  you  to  locate  it  again.  ALWAYS  USE  A 
CURRENT  INDEX, 

The  following  publications  listed  in  AFR  0-2  may  be  of 
interest  to  you: 

AFM  88-3,  Chapter  8,  Metal  Roofing  and  Siding. 

AFR  93-3,  The  Prime  BEEF  Program, 

AFR  127  '01 ,  Ground  Accident  Prevention  Handbook, 

Exercisci>  iDIl): 

Refer  to  figure  1-3, 

1 ,  What  is  the  standard  publication  number  for  paints  and 
protective  coatings? 


2,  What  is  the  title  of  AFR  85-1? 


012.  Use  a  TO  index  to  find  the  numbers  of  TOs  with 
information  on  specified  equipment. 

Technical  Orders  (TOs).  When  your  commander  gives 
you  an  cracr  to  do  something,  you  are  required  by  your  oath 
of  enlistment  to  follow  that  order  and  do  it.  Technical 
orders  are  official  orders  of  the  United  States  Government, 
AF  Regulation  8-2,  Air  Force  Technical  Order  (TO) 
System,  under  the  heading  of  Air  Force  Policy,  states  ihat 
**all  Air  Force  systems/equipment  will  he  operated  and 
maintained  in  accordance  with  procedures  described  in 
TOs,*'  If  you  operate  a  handsaw,  for  example,  contrary  to 
the  procedures  described  in  the  TO  for  that  saw,  you  are 
breaking  a  lawful  oraer  of  your  Government  and  you  are 
subject  to  the  penalties  prescribed  by  law  for  your  unlawful 
action.  The  reason  for  these  orders  is  twofold.  First,  the 
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85  —  CIVIL  ENGINEERING  GENERAL 

R  85-1 

l9Apr74 

Rev^urces  and  Work  Force  Management 

PRF.MA 

F 

Changes 

•   1        9  2 

P  85-1 

MNov67 

Electrical  Facilihes  Safe  Practices  Handbook  (Reprtnt.  28May74,  includes 
Chcnges  1  and  2) 

PREtU 

F 

Changes 

3 

EMC 

75-1 

R  85-2 

26Nov68 

Family  Housing  for  Essennal  Employees  at  Research  and  Development 
Installations  (PA) 

PRENB 

F 

M  85-3 

1 5Jan69 

Paints  and  Protective  Coatings 

PREES 

F 

Changes 

1 

R  85-4 

30OCI6J 

Implementing  Guarantees  of  Equipment  Installed  m  AF  Construction 

PRE 

r 

M  85-5 

lNov65 

Maintenance  and  Operation  or  Cafhodic  Protection  Systems 
1 

PREMM 

F 

Changes 

M  85-6 

30Aug63 

La'.id  Management  and  Grounds  Maintenance 

PREVP 

p 

Changes 

A 

R  85-7 

20Apr76 

MAJCOM  Engineering  and  Services  Organizations  and  Functions 

PREM 

p 

■  M  85-8 

25Aug58 

Maintenance  of  Pavement 

PREMM 

F 

R  85-9 

lMar76 

Inactive  Installations-lnactivation  and  Maintenance 

PREM 

p 

R  85-10 

240CI75 

Operation  and  Maintenance  of  Real  Property 

PREM 

F 

Changes 

•  1 

M  85-12 

Operation  and  Maintenance  of  Central  Heating  Plants  and  Disinbution 
Systems 

PRE 

F 

gvoi  1 

lJun64 

Changrs 

A        B        C  D 

VoJ  2 

l5Jun64 

Operation  and  Maintenance  oT  Space  Heating  Equipment  and  Systems, 
and  Process  Heat  Utilization 

M  85-13 

5Feb5^ 

Maintenance  and  Operation  of  Water  Plants  and  Systems 
(Reprint,   l5Jun68.  includes  Changes  A  thru  D) 

PREE 

p 

M  85  14 

SJan59 

Mntnionance  and  Operation  of  Sewage  and  Industrial  ^v^^tc  Plants  and 

PREHH 

F 

■  M  85  -15 

Systems  (Reprint,  lSep67.  includes  Change  A) 

1  Jun56 

Coal  Handling    (Reprint.  lFeb68.  includes  Changes  A  and  B) 

PREMM 

p 

Change'v 

c 

M  85-16 

12Mn>65 

Maintenance  of  i:'ermanently  Installed  Storage  and  Dispensing  Systems 
for  Petroleum  and  Unconventional  Fuels  (See  also  M  91-1 3.  Vol  11) 

PREE 

p 

Changes 

ABCDEFGH 

M  85  P 

J  Nov  58 

Maintenance  and  Operation  of  Electric  Plants  and  Systems 

PRE 

p 

■  M  S5-  IS 

KXM57 

Maintenance  and  Opetation  of  Refrigeration.  Air  Conditioning 
Evaporative  Cooling  and  Mechanical  Ventilating  Systems 

PREE 

p 

R  85-19 

26Aug74 

Maintenance  and  Operation  of  Electric  Rower  Generating  Plants 

PREEU 

p 

Changes 

1  2 

M  85-20 

Plumbing 

PREM 

F 

R  85-23 

"»0«*»n7^ 

^^'<rt!  Ori'Iing  Operations 

PREE 

p 

■  M  85-25 

Index  -Guide  ^n;  i  incaiions  for  Military  Family  Housing 

PRE 

p 

Changes 

H  1    ■  ^        3         4  5 

M  85  30 

18Feb66 

Operation  and  Maintenance  of  Air  Compressor 

PREEU 

p 

Changes 

1 

M  85-31 

25Mar68 

Industrial  ^^aior  Tieatmcni 

F 

Changes 

M 

15  Doc  67 

Maintenance  and  Repair  of  Expeditionary  and  Theater  of  Operation 
Airfield  Facilities 

PRE 

F 

M  8*1  38 

i2Jut71 

Civi!  Engineering  Management  Review 

PREMA 

F 

Changes 

1 

•IMC 

76-1  76-2 

M  85-200 

IFcb75 

BEAMS.  The  Base  Engineer  Automated  Management  System 

•PRE 

F 

BB-0e9 


Figure  1-3.  Typical  page  from  AFR  0-2. 


Govemmeni  is  vitally  concerned  in  protecting  you  and 
other  personnel  who  work  with  you  and  around  you. 
Second,  the  Government  is  concerned  for  its  equipment  and 
its  property.  Some  of  the  buddies  you  work  with  may  not 
understand  the  concern  that  the  Government  has  for  you. 
They  may  encourage  you  to  remove  a  guard  or  to  operate 
equipment  dangerously.  Don't  do  it.  The  technical  order 
may  be  a  manufacturer's  manual  on  which  the  Air  Force  has 
placed  a  TO  number,  or  the  order  may  be  an  operator's 
manual  approved  by  your  unit. 

Using  TO  indexes.  Like  the  index  for  standard 
publications,  the  TO  index  lists  series  of  subjects.  In  the  TO 
system,  these  subjects  are  referred  to  as  categories.  TO 
1-1-01  is  the  key  to  the  technical  order  system.  Its  official 
title  is  Numerical  Index,  Alphabetical  Index,  and  Cross 
Reference  Table  Technical  Orders.  The  Air  Force  has  such 
a  large  number  of  technical  orders  that  it  maintains  an  index 
for  each  category  of  equipment.  TO  0-1-01  can  be  thought 
of  as  an  index  of  the  50  indexes,  master  index.  It  is  the  first 
one  filed  in  book  number  one  in  the  TO  file  cabinet.  Keep 
in  mind  that  the  standard  publications  filing  system  and  the 
TO  filing  system  are  two  different  types  of  publications 
systems.  They  are  kept  separately,  although  they  both  may 
be  in  the  same  room. 

Suppose  that  you  are  doing  research  on  Type  MC-7, 
Model  GR  125,  Air  Compressor.  Go  to  the  first  TO  book  in 
the  library,  TO  0-1-01.  There  are  only  about  10  pages  in 
this  TO  and  you  are  only  concerned  with  half  of  those.  By 
skimming  through  five  pages  you  see  TO  0-1-34,  Shop 
Machinery  and  Associated  Equipment  Technical  Orders. 

All  ndex  numbers  begin  with  0-1.  To  complete  the 
numb,  for  the  numerical  index  to  any  of  the  50  TO 
categories,  you  simply  add  the  category  number  as  the  third 
part  of  the  index  number.  In  our  example,  the  numerical 
index  to  category  34  is  TO  0-1-34.  Our  next  step  in 
locating  the  technical  publication  we  need  is  to  look  in  the 
file  for  TO  0-1-34.  You  should  find  it  at  about  book 
number  five. 

Figure  1-4  shows  a  part  of  the  cover  page  of  the  TO  and 
the  table  of  contents.  By  going  down  the  table  of  contents  of 
this  index,  you  can  find  air  compressors.  On  what  page  of 
this  TO  would  you  find  compressors?  The  correct  page  is 
1-73.  Going  to  page  1-73  in  this  index,  you  find  the  TO 
number  and  description  of  several  air  compressors.  There  is 
one  listed  as  TO  34Y1-134-1,  Type  MC-7,  Model  GR 
125.  This  TO  is  for  operation  and  service  instruction.  Your 
last  step  in  the  process  of  finding  the  publication  is  to  locate 
the  book  containing  TO  34Y 1-1 34-1,  and  it  will  give  you 
the  information  you  need. 

Exercises  (012): 

Refer  to  figure  1-4.  Give  the  TO  number  and  page  number 
for  the  following  equipment: 

1 .  Metal  cutting  machines . 


2.  Drill  presses. 


3.  Regulators. 


4.  Air  compressors,  general. 


013.  Solve  a  hypothetical  maintenance  problem  by  using 
an  extract  from  a  technical  publication. 

Using  TOs.  Once  you  have  the  TO  you  need,  the 
instructions  are  usually  quite  detailed  and  specific  about 
what  you  must  and  must  not  do.  Look  at  figure  1-5.  Note 
that  the  inspection  and  servicing  requirements  are  spelled 
out  in  months  and  hours.  Other  parts  of  the  TO  give  you  the 
same  sort  of  precise  technical  information  on  assembly, 
installation,  operation,  overhaul,  and  parts  identification. 

Many  commercial  publications  have  been  intergrated 
into  the  TO  system.  The  actual  manufacturer's  publication 
has  been  stamped  with  a  TO  number  and  is  treated  as  an 
official  Air  Force  technical  order.  Other  publications  deal 
with  safe  operation  of  equipment  in  a  general  way.  If  you 
have  any  doubts  about  which  publications  to  use,  check 
with  your  supervisor  and  the  CE  personnel  that  operate  the 
library.  They  will  be  happy  to  help  you  find  the  publica  '  ins 
that  apply  to  the  situation  at  hand. 

Exercises  (013): 

1.  You  are  a  metal  fabricating  specialist  in  charge  of 
seeing  that  the  MC-7  air  compressor  receives  its 
periodic  inspection,  maintenance,  and  lubrication  as 
called  for  by  the  TO.  The  engine  is  not  running  as 
smoothly  as  it  has  in  the  past.  The  engine  and 
compressor  oil  filters  were  replaced  at  200  hours.  The 
unit  has  operated  248  hours.  The  base  motor  pool 
performs  the  necessary  maintenance  when  requested 
by  operating  personnel.  On  what  five  items  should  you 
request  maintenance?(Use  fig.  1-5). 


014.  Select  from  a  list  of  TO  deficiencies  those  that  are 
reportable  and  those  that  are  not. 

A  TO  improvement  report  is  recommended  correction  of 
an  error  in  a  TO,  the  omission  of  a  technical  nature,  a 
correction  of  terminology,  or  an  improvement  in 
procedures  for  performing  a  task. 

Reportable  TO  Deficiencies.  Do  not  report  minor 
inaccuracies  of  a  nontechnical  nature  unless  they  change  the 
meaning   of   instructive    information   and  procedures. 
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TO  0-1-34 

NUMERICAL  INDEX  Ar^  REQUIREMENT  TABLE 


SHOP  MACHINERY  AND  ASSOC?ATED  EQUIP- 
MENT TECHNICAL  ORDERS 


TABLE  OF  CONTENTS 


Preface 
PARTI 

34 

34-1 


34C 

34C1 

34C2 

34C^-2 

34C2-3 

34C2-4 

34C2-5 

34C2-6 

34C2-7 

34C2-8 

34C2-9 

34C2-10 

34C2-12 

34C2-13 

34C2-14 

34C2-15 

34C2-16 

34C2-17 

34C3 

34C3-2 

34C4 

34C4-2 

34C4*5 

34C4-6 

34C4-7 

34C4-8 


Page 

I 


PUBUSHED  AND  UNPUBLISHED 
TECHNICAL  ORDERS  I-l 

Shop  Machinery  aivJ  Associated 
Equipment  Technical  Orders  .  .  .1-1 

Shop  Machinery  and  Associated 
Equipment  Technical  Orders— 
General  i-l 

Cutting  Machines  I-l 

Leather  Cutting  Machines  ....  I-l 

Metal  Cutting  Machines  1-2 

Boring  Machines  1-2 

Drill  Presses  1-4 

Lathes  j-6 

Milling  Machines  I -12 

Planers  i-i5 

Punch  Presses  1-15 

Saws  1-16 

Shapers  .  .  i-20 

Shears  1-20 

Threaders  1-23 

Disentegrating  Machines  1-24 

Drums  1-24 

Routing  Machines  1-24 

Centering  Machines  j-25 

Key  Seater  1-28 

Paper  Cutting  Machines  1-28 

Shredders  i-28 

Wood  Cutting  Machines  1-28 

Jointers  1-28 

Routers  i-29 

Saws  j-29 

Shapers  1-32 

Lathes  1-32 


Page 

34G1.11      Coilers  i-se 

34G1-12      SUmping  Machines  1-57 

34G1-13      Sheet  MeUl  Forming  1-57 

34G1-14      Wire  Formii^  1-57 

34W  Welding  and  Heat  Treat 

Equipment  1-57 

34W1  Furnacesp  Welding  and  Heat 

Treat  Equipment  1.57 

34W1-1       FumaceSp  Welding  and  Heat 

Treat  Equipment — General  ....  1-57 
34W2  Ovens,  Welding  and  Heat  Treat 

Equipment   i«61 

34W2-1       Ovens,  Welding  and  Heat  Treat 

Equipment — General  i«61 

34W4  Welders,  Welding  and  Heat 

Treat  Equipment  J-64 

34W4-1       Welders,  Welding  and  Heat 

Treat  Equipment — General  ....  j-64 
34W5  Exhausters,  Welding  and  Heat 

Treat  Equipment  1-73 

34W7  Soldering  Iron  1-73 

34W8  Regulators  1.73 

34Y  Shop  Support  Equipment  1-73 

34Y1  Air  Compressors,  Shop  Support 

Equipment  1-73 

34Y1-1        Air  Compressors,  Shop  Support 

Equipment — General  1-73 

34Y2  Cleaners,  Shop  Support 

E:quipment  i-87 

34Y3  Degreasers,  Shop  Support 

Equipment  f.gi 

34 Y4  Paint  Spray  Equipment  1-92 

34Y4-3  Sprayers,  Paint  Spray  Equipment  .  1-92 
34Y4-5        Spray  Guns,  Paint  Spray 

Equipment  1-93 

34Y5  Pumps,  Shop  Support  Equipment  .  1-93 
34Y5-2        Water  Pumps  1,93 


Figure       Cover  page  and  table  of  contents  for  TO  Q-1-34. 
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TO  34 Yl -134-1 

MC7,  Model  GR125  Air  Compressor 

Components  or  Parts  Requiring  Inspection  or  Servicing 

Operational  Time  Period 

♦Engine  oil  filter  -  clean  and  replace  cartridge  if  operating  unit 
under  normal  conditions. 

Twice  a  month  or  100  hours. 

Compressor  oil  filter  -  clean  sump  if  operating  unit 
under  normal  conditions. 

Twice  a  month  or  100  hours. 

Fuel  tank  -  drain  accumulated  condensate. 
(Refer  to  figure  5-6.) 

100  hours. 

Safety  valve  -  operate  by  hand  to  assure  it  is  operable. 
(Refer  to  figure  5-4.) 

Once  a  month  or  250  hours. 

♦Spark  plugs  -  clean  and  re-^p  or  replace. 

250  hours. 

All  ignition  wiring  and  battery  connections  - 
inspect  for  loose  connections  and  lor  corrosion. 
(Refer  to  figure  5-11. ) 

250  hours. 

♦Engine  generator  belt  -  check  for  wear  and  correct  tension; 
replace  if  worn  and  adjust  for  correct  tension. 

250  hours. 

♦Engine  diBtributor  -  adjust  timing. 

250  hours. 

♦Engine  distributor  breaker  points  - 
check  for  wear  or  pitting. 

250  hours. 

Unit  -  inspect  for  looc^e  or  missing  studs,  screws, 
nuts  and  washers 

500  hours. 

Running  gear  spring  bracket  bolt  - 
use  grease  gun. 

Three  months  or  500  hours. 

Running  gear  spring  slip  end  - 
apply  grease  with  brush. 

Three  months  or  500  hours. 

Compressor  lubricating  oil  - 
change  oil  completely 

Three  months  or  500  hours. 

Fuel  pump  -  inspect  mounting  and  gaskets. 

Six  months  or  1250  hours. 

All  tubings  aiid  fittings  -  inspect  for  leaking  conditions. 

Six  months  or  1250  hours. 

♦Engine  distribvAor  breaker  points  -  replace. 

1250  hours. 

♦Engine  valve  tappets  -  adjust  for  clearance  - 
intake  and  exhaust  0.014  inch. 

1250  hours. 

♦Engine  generator  - 
inspect  for  worn  parts. 

1250  hours. 

Running  crear  wheel  bearincs  —  insnect  for  n/nm  nnr^fji 
clean  and  repack,  not  over  half-fUU. 
Refer  to  paragraph  5-10. 

kjuv  111  (ji  111  US  \jL  x£  «/u  nours. 

♦Engine  distributor  -  inspect  for  worn  or  broken  parts. 

1250  hours. 

♦Engine  starter  -  inspect  for  worn  or  broken  parts. 

1250  hours. 

Radiator  -  drain  and  clean  engine  cooling  system. 

Six  months  or  1250  hours. 

♦For  applicable  insti-uctions  on  the  lubrication,  replacement  and  general  maintenance  of  all 
engine  parts,  refer  to  applicable  engine  Technical  Order  listed  in  the  0-0-39  Series 
Technical  Order  Index. 

Figure  1-5.  Air  compressor  servicing  requirements. 
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Technical  Order  00-5-1.  AF  Technical  Order  System, 
explains  how  you  should  report  TO  improvements  on 
AFTO  Form  22,  Technical  Order  System  Publication 
Improvement  Report  and  Reply. 

The  person  who  discovers  a  condition  that  requires  a 
change  submits  an  improvement  report  to  the  supervisor, 
who  must  then  ascertain  the  validity  of  the  report.  If  it  is  a 
valid  report,  the  supervisor  signs  the  report  and  forwards  it 
to  CE  quality  control  for  processing.  Emergency  reports 
must  be  initiated  and  submitted  immediately  after  discovery 
of  the  condition,  urgent  reports  on  an  expedited  basis,  and 
routine  reports  as  soon  as  practicable. 


Exercises  (014): 

Which  of  the  following  publication  deficiencies  should  be  ' 
reported?  (Write  yes  or  no  in  the  blank). 

 1 .    Change  the  word  value  to  valve. 

 2.    A  tolerance  should  read  .030  instead  of  .3(X). 

 3.    The  word  blade  is  misspelled  as  bade. 

 4.    A  critical  adjustment  should  read   1/4  turn 

instead  of  4  turns. 
 5 .    A  welding  procedure  could  cause  an  accident. 
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CHAPTER  2 


Management  of  Activities  and  Resources 


THE  MANAGEMENT  philosophy  of  the  Air  Force 
includes  gelling  maximum  efficiency  for  each  dollar  spent 
while  reaching  planned  objectives.  This  means  that  human 
resources,  material  resources,  and  financial  resources  must 
be  used  in  the  most  effective  way  to  meet  the  goals  of  the 
organization.  As  you  supervise  people  working  on  your 
base,  you  should  ask  and  answer  these  two  questions.  ''Are 
the  jobs  being  done  well?**  and  **Is  there  a  better  way  to  do 
ihem?** 

The  key  to  improving  jobs  is  not  necessarily  an  attempt  to 
speed  up  work  by  prodding  people.  Substandard  work  may 
be  brought  up  to  standard  by  planning  projects  better, 
improving  material  support,  eliminating  delays,  and 
coordinating  with  other  people.  Plan  your  projects  well — 
that  is,  with  activities  and  resources  management  in  mind. 

2-1  •  Activities  Management 

As  we  staled  in  Chapter  1,  the  Air  Force  owns  a 
tremendous  amount  of  property  which  must  be  operated, 
maintained,  and  managed  properly.  To  manage  these 
p^tivities  effectively  and  efficiently,  the  Air  Force  uses  a 
program  concept  which  has  been  planned  by  ''planners"  in 
advance.  The  program  includes  allocating  labor  hours  and 
materials  for  work  and  services  performed  by  CE  troops. 
Various  Air  Force  forms  are  initiated  by  CE  personnel  and 
processed  through  a  computer.  Data  printouts  from  the 
computer  include  data  which  assist  CE  managers  to  make 
good  management  decisions. 

015.  Briefly  state  how  the  civil  engineering  management 
system  works. 

CE  Management  System*  As  a  worker  in  Civil 
Engineering,  you  may  ask  the  question,  ''Who  originates 
all  the  work  that  CE  personnel  have  to  do?"  Most  of  the 
work  in  Civil  Engineering  has  been  identified  and  planned 
ahead  of  its  actual  start  date.  The  planning  and  controlling 
of  this  work  could  not  be  done  without  a  sound  management 
plan.  The  plan  we  are  talking  about  is  called  the  Inservice 
Work  Plan.  Like  all  other  plans,  it  is  only  as  good  as  the 
information  used  to  develop  it  and  the  effort  put  forth  to 
adhere  to  its  principles  and  objectives. 

Planning.  Do  you  recall  an  office  called  resources  and 
requirements?  Under  this  office  is  a  unit  knov*n  as 
planning.  Each  year  the  planners  visit  each  facility  on  base 
and  thoroughly  inspect  it  for  any  work  that  needs  to  be 
done.  The  inspection  is  called  a  facility  survey.  This  survey 
is  one  of  the  inputs  required  by  Civil  Engineering  to 
develop  its  work  plan. 


In  addition  to  the  facility  survey,  shop  foremen  are 
responsible  for  two  inputs  to  the  work  plan.  One  of  them  is 
for  recurring  labor-hours.  The  recurring  labor-hours  are  for 
work  done  on  a  periodic  basis  within  a  particular  year.  An 
example  of  this  work  is  to  inspect  and  repair  drainage 
facilities.  Another  example  is  the  hours  required  for 
removing  snow  and  ice  from  paved  surfaces.  There  are 
other  inputs  used  to  formulate  the  civil  engineer*s  work  plan 
which  do  not  concern  you.  They  are  also  used  to  preidentify 
work  requirements. 

After  all  the  work  inputs  are  sent  to  Resources  and 
Requirements,  they  are  gathered  together  and  then  they 
place  the  labor-hours  on  a  document  called  the  In-Service 
Work  Plan.  Each  month  work  items  from  this  plan  are  sent 
to  the  production  control  section  for  assignment  to  CE 
units.  These  work  items  are  on  forms  known  as  work 
authorization  documents.  As  the  words  indicate,  these 
documents  are  the  authority  from  Civil  Engineering  to 
perform  the  work  stated  on  the  forms. 

Performance  evaluation.  Civil  Engineering  also  has  a 
management  plan.  In  this  plan  there  are  provisions  for 
evaluating  the  performance  of  CE  units.  By  knowing  types 
of  work  which  have  been  done  in  the  past  with  a  certain 
amount  of  labor-hours,  the  industrial  engineering  section, 
through  the  use  of  a  computer,  can  predict  what  work  can 
be  done  in  the  future  with  various  amounts  of  laboi-hours. 
Units  that  fall  behw»a  the  labor-hours  expected  by  using 
more  hours  than  predicted  must  answer  for  the  deviations. 

Base  engineer  automated  management  system.  In  Civil 
Engineering  an  enormous  number  of  records  are  required  to 
be  kept.  These  records  include  the  amount  and  cost  of  roads 
on  base;  amount  and  cost  or  runways;  amount  of  sewage 
disposed;  labor-hours  required  to  operate  plants;  and  the 
size,  shape,  condition,  and  cost  of  each  facility.  Many  other 
records  are  required  by  law  to  be  kept.  Even  your  name  and 
employee  number  are  part  of  the  records.  When 
information  of  this  sort  is  needed.  Civil  Engineering  merely 
asks  the  computer  in  symbols  it  understands  to  furnish  this 
information.  In  a  matter  of  seconds,  the  computer  replies 
with  up-to-date  answers. 

The  name  of  the  automated  data  processing  system  is 
BEAMS.  This  abbreviation  stands  for  base  engineer 
automated  management  system.  The  computer  used  is  the 
Burroughs  3500.  BEAMS  is  a  way  to  automate  a  large 
number  of  Civil  Engineering  records  and  files,  CE  files  can 
be  maintained  with  ease  and  with  accuracy.  It  is  even  better 
because  they  make  a  variety  of  computer  products  available 
to  managers  on  demand.  These  products  are  used  by 
managers  to  make  many  important  decisions.  Actions  of 
most   craftsmen    within   Civil   Engineering    affect  the 
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information  within  the  computer  and  records  and, 
ultimately,  inlluence  the  content  of  the  management 
products.  It  is  of  utmost  importance  that  all  civil 
engineering  personnel  know  that  their  actions  ciireclly  or 
indirectly  influence  the  accuracy  of  the  infomation 
contained  in  the  automated  system  and,  consequently,  the 
management  products  that  the  system  produces.  The 
reliability  of  their  contribution  builds  their  own  faith  in 
BEAMS  and  the  decisions  of  those  who  use  it. 

Exercises  (015): 

1 .  What    is    the    management    plan    used    in  Civil 
Engineering  to  plan  ahead  called? 


2.  What  are  inspections  by  planners  called? 


3.  What  two  inputs  do  shop  foremen  make  to  the  CE 
work  plan? 


4.  Work  items  come  from  the  production  control  section 
on  what  documents? 


5.  How  can  the  industrial  engineering  section  know  the 
amount  of  labor-hours  required  to  do  certain  work  in 
the  future? 


6.   What  is  the  name  of  the  automated  computer  system 
used  to  process  Civil  Engineering  records? 


016.  State  how  to  request  work  using  AF  Form  332, 
BCE  Work  Request. 

Work  Requests.  The  number  of  requests  for  myriad 
types  of  work  to  be  done  on  an  Air  Force  base  far  exceed  the 
Civil  Engineering  resources  available.  Resources  for 
essential  construction,  operation,  maintenance,  repair,  and 
services  must  be  given  first  priority.  If.  for  example,  you 
request  thai  150  feet  of  concrete  sidewalk  be  constructed 
near  a  facility  in  which  you  work,  you  would  request  this 
work  on  an  AF  Form  332.  Because  of  the  large  number  of 
work  requests,  you  must  explain  why  the  work  is  needed. 
You  must  also  include  an  impact  statement,  that  is.  a 
justification  concerning  your  organization  and  its  mission  if 
the  work  is  not  done.  It  is  this  justification  that  is  used  by 


the  facilities  board  in  deciding  which  requests  should  be 
approved.  Since  the  mission  comes  first,  it  is  obvious  that 
those  requests  that  have  the  greatest  impact  on  the  mission 
have  the  best  chances  of  being  approved. 

There  are  a  number  of  ways  that  people  may  make  their 
desires  for  work  or  services  known  to  Civil  Engineering. 
One  of  these  ways  is  to  use  AF  Form  332.  This  dual- 
purpose  fonn  is  both  a  request  for  work  and  a  work  approval 
or  disapproval  document.  The  332  is  used  to  request: 

•  New  work. 

•  Self-help  work. 

•  Repair  of  damages  to  real  property  caused  through 
neglect  or  abuse. 

•  Inservice  minor  construction  costing  less  than  $1,000 
for  base  work  or  over  %  100  for  military'  family  housing 
(MFH). 

•  Projects  that  are  done  on  contract. 

You  should  have  no  trouble  in  preparing  the  work  request 
since  instructions  are  provided  on  the  back  of  the  form. 
Figure  2-1  is  a  completed  copy  of  the  front  of  the  form.  The 
description  of  the  work  requested  (item  9)  should  be 
supported  where  possible  by  sketches,  plans,  diagrams, 
specifications,  photographs,  drawings,  or  any  other 
description  of  the  work  you  request. 

Notice  item  23  of  figure  2-1.  It  is  BCE*s 
recommendation.  The  facilities  board  will  use  this 
recommendation  and  other  data  on  the  form  to  decide  its 
approval  or  disapproval.  If.  for  instance,  the  base  civil 
engineer  has  recommended  disapproval  because  required 
resources  were  not  available,  it  is  highly  probable  that  the 
board  would  disapprove  the  work  request. 

Exercises  (016): 

1.  What  information  is  required  in  the  following  blocks 
on  AF  Form  332? 

a.  Block  3? 


b.  Block  6? 


c.  Block  9? 


d.  Block  12? 


e.  Block  26? 


•  oATt  or  Mr-QutST Ti  •oiLOiH'd'bW'r  Ac'iLiVy  NO  ~ 

j^A^.^j?j^,  I  s'^s; 


•    wOMM  MtQUKBTKO 


I      MC  OuriT  C  »' 1  M  AMt    *NO*HONt  NO 


A8^.^?l__.__.Jj|i/.&'^'(y/a.8_7i  bifeS' 


/  Pec  ag.  [    6  Po  z-    

)U«TIPIC  ATION 

AODiT^OAJAL    PaoTfec-no/J    TO   THE  SMAuu 


I  I.  OONATKO  MKBOURCKI 


;  I    OAtK  tlONKO 


.  OnON  COOK         I  14    NAMK,  CMAOt.tlONATUNK  Or  OltCANltAT  lON  COMOM 


•  ft    •VOMM  CkASS  Ti  l    INkVAIuLATi^ON  «>MIOMIt'v    p'>~ClTIMArKO  Hirrf  I*    T0T^AL.K■TIMAV«O    CO»T   lie    KITIMATKD  rUNOKO  CUI 


FOR  eCE  USE  ONLY 


APrROVAL^OlS  APPROVAL 


II    pnojkCT  no 


»»  io*  OnOCN  NO 


73  act  MtCOWV'l  NOA  riON 


?7  ACTION  TAKf  N 

OS  ••  


24  METHOD  OF  ACCOMPLISHMENT 
n  CONTRACT  "PllhtlRViCI 


28  ACCOMPHSMED  BY 

DCONTKACT  tlhMRVICI 

G  sitr  HiLf 


*S    OAT«  ■lONCD 


l«.  SIVN  ATUn«  bask  CIViL.  KNGINr  CM 
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Figure  2-1 .  Sample  of  AF  Form  332. 


2.  Where  are  the  instructions  for  preparing  AF  Form  332? 


3.  Name  three  types  of  work  that  are  requested  on  AF 
Form  332. 


Notice  in  the  upper  right-hand  side  of  figure  2-2  that  BCE 
requires  an  original  and  one  copy  of  the  form.  The  copy 
showing  the  planned  action  is  returned  to  the  requester. 

Exercises  (017): 

Refer  to  objectives  016  and  017.  State  which  request  form 
to  use  in  each  request: 

1 ,  Request  BCE  to  repair  floor  tile  in  MFH  quarters. 


017.  Differentiate  between  worlc  requests  that  are 
submitted  on  AF  Form  332,  BCE  Worli  Request,  and 
those  on  AF  Form  1135,  BCE  Real  Property 
Maintenance  Request. 

BCE  Real  Property  Maintenance  Request  (AF  Form 
1135).  The  AF  Form  1 135,  shown  in  figure  2-2,  is  used  by 
building  custodians  and  military  family  housing  (MFH) 
occupants  to  identify  to  Civil  Engineering  routine 
maintenance  and  repair  needs  for  the  facility.  Typical 
examples  are: 

•  Repair  screen  door  on  MFH. 

•  Replace  three  cracked  floor  tiles  in  plant  office, 

•  Repair  leaky  cold  water  faucet  in  latrine. 

•  Patch  crack  in  driveway  pavement. 


2.   Request  BCE  to  erect  a  new  partition  in  an  existing 
building. 


Request  approval  of  BCE  for  you  to  alter  interior 
offices.  You  will  do  the  work;  BCE  will  furnish  the 
materials. 
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Figure  2-2.  Sample  of  AF  Form  1 1 35. 
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4.  Request  BCE  to  repair  door  hardware  on  an  exterior 
metal  door. 


5,  Request  BCE  to  adjust  excess  water  flow  at  drinking 
fountain. 


018.  State  whether  given  hypothetical  problems  Justify  a 
service  call. 

Service  Calls.  The  service  call  method  of  requesting 
woric  is  used  strictly  for  emergency  situations.  Examples  of 
emergency  situations  follow: 

•  Loss  ofsteam  in  steam-hehted  building, 
©  Water  flooding  floor  in  kitchen. 

•  Water  pressure  failure  in  militiiry  family  housing,' 

•  Electrical  power  failiue  in  a  facility, 

•  Clogged  plumbing  in  latrine. 

•  L<^ak  in  natural  gas  line. 

•  Window  knocked  out  in  subzero  weather. 

When  such  situations  occur,  the  service  call  would  be 
used  to  correct  diem.  Under  the  BCE  service  call  concept, 
BCE  uses  two  ways  to  satisfy  these  emergency  situations. 
First  is  the  do-it-now  (DIN)  service  call.  The  second 
method  is  the  routine  service  call. 


Do-it-now  (DIN)  sen^ice  caiix.  If  you  must  call  the 
service  call  specialist  in  CE  in  regard  to  an  emergency 
situation  (such  as  a  stuck  latrine  valve),  he  or  she  will 
dispatch  a  DIN  plumber  by  two-way  radio  to  your  location. 
The  DIN  plumber  has  a  DIN  vehicle,  stocked  with  parts, 
tools,  and  equipment  for  service  call  work. 

The  goal  of  service  call  management  is  to  get  the  job 
done  right  the  first  time  and  every  time.  You  should  expect 
the  DIN  plumber  to  u  stick  the  latrine  valve  and  perform 
maintenance  on  it  so  (hat  it  will  not  stick  again,  CE  expects 
DIN  craftsmen  to  complete  the  job  on  the  first  trip  to  the 
jobsite.  To  do  this  it  is  necessary  to  clearly  describe  the  the 
job  to  the  craftsman.  The  service  call  specialist  must  be 
courteous  but  must  find  out  if  a  danger  exists,  what  the 
problem  consists  of;  when,  where,  how  many,  and  how  it 
happened;  make,  type,  size,  or  color;  urgency  of  need;  and 
any  time  restrictions.  See  figure  2-3  for  a  record  of  a 
completed  service  call.  Although  there  is  not  a  time 
established  for  DIN  calls,  it  is  essential  that  the  DIN 
capability  be  kept  as  mobile  as  possible. 

Routine  service  calls.  A  service  call  can  be  referred  to  a 
shop  only  with  coordination  through  the  chief  of  Production 
Control.  A  service  call  which  would  be  referred  to  a  shop 
for  completion  must  meet  at  least  one  of  the  following 
conditions: 

•  If  the  work  appears  to  be  beyond  the  DIN  capability, 

•  If  the  DIN  craftsman  is  unable  to  complete  the  work, 

•  If  the  work  would  require  more  than  a  reasonable  time 
to  be  completed  by  the  DIN  craftsman  (not  limited  to 
1  hour,  but  should  not  be  tied  up  for  several  hours). 
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For  any  emergency  service  call  refen^d  to  the  shop,  th« 
service  call  specialist  prepares  an  AF  Form  1879,  BCE  Job 
Order  Record.  See  figure  2-3. 

Exercises  (018): 

Place  a  T  in  the  blanks  provided  for  a  correct  statement  and 
an  F  for  a  false  statement.  Correct  the  false  statement. 

 1 .    Replacing  two  damaged  roof  shingles  on  a 

MFH  should  be  requested  through  a  service 
call. 


2.    Caii  service  call  if  the  front  door  of  an  office 
will  not  lock  at  quitting  time. 


3.    Service  calls  are  used  for  emergency  an6  simple 
routine  situations. 


4.    If  your  house  (MFH)  is  without  water,  call 
''service  call. " 


5.    Two-way  radio  is  used  to  contact  the  do-it-now 
carpenter  specialist. 


6.    If  a  DIN  craftsman  is  unable  to  complete  an 
emergency  job,  it  will  be  referred  to  a  shop. 


019.  State  how  the  work  is  processed  in  given  work 
request  situations. 

Work  Request  Processing.  As  we  stated  before,  all  CE 
work  must  be  authorized  on  official  work  documents.  AF 
Forms  332  and  1 135  are  not  work  authorizing  documents  in 
the  strict  sense  of  the  word.  They  are  work  request 
documents.  Even  when  these  request  documents  are 
approved,  they  do  not  constitute  the  appropriate  paperwork 
needed  to  spend  Air  Force  resources. 

You  will  deal  with  two  Air  Force  documents  that 
authorize  the  expenditure  of  funds  (labor-hours  and 
materials  are  resource  funds),  the  job  order  and  the  work 
order.  These  are  official  military  orders  authorizing  the 
expenditure  of  CE  resources.  AF  Form  3?.7,  Base  Civil 
Engineer  Work  Order,  is  used  for  big  jobs.  AF  Form  1 879, 
BCE  Job  Order  Record  (fig.  2-3)  is  used  for  small  jobs.  The 
AF  Form  1879  authorizes  service  calls,  self-help  jobs, 
hopper  jobs,  SMART  (structural  maintenance  and  repair 
team)  jobs,  and  IWP  (Inservice  work  plan)  jobs. 

The  self-help  job  order  is  used  to  authorize  simple  self- 
help  work  which  does  not  change  a  facility.  For  example. 


you  desire  to  paint  a  room.  CE  i.ssues  a  self-help  job  order 
giving  you  authority  to  paint  the  room. 

The  hopper  job  orders  arc  orders  for  minor  maintenance 
or  repair.  Hopper  refers  to  a  box  with  many  compartments. 
Work  requests  for  simple  work  that  is  not  urgent  are  placed 
in  a  section  of  the  hopper  representing  a  zone  of  the  base. 
When  a  shop  has  labor  available  to  do  the  work  or  they  are 
working  in  the  same  zone  indicated  in  the  hopper,  a  hopper 
job  order  is  issued  for  the  work.  This  work  should  be 
completed  within  30  days  after  it  is  assigned  to  the  shop. 

The  SMART  team  is  composed  of  craftsmen  of  various 
skills  performing  routine  minor  maintenance  and  repair 
work  on  high-use  facilities.  These  facilities  include 
dormitories,  dining  halls,  service  clubs,  and  so  forth.  This 
team  normally  uses  AF  Form  1219,  BCE  Multi-Craft  Job 
Order.  If  however,  a  SMART  crew  is  working  in  a 
particular  facility  and  already  has  an  approved  AF  Form 
1219,  additional  task  requirements  in  that  facility  can  be 
identified  on  AF  Form  1 879,  BCE  Job  Order  Record. 

The  IWP  job  order  covers  routine  work  of  a  simple  nature 
generated  within  civil  engineering,  some  work  requests 
taken  from  AF  Forrn.s  332  and  1135,  and  work  received 
through  the  service  call  system,  but  not  considered  an 
emergency. 

Exercises  (019): 

State  whether  the  work  should  be  processed  by  IWP, 
SMART,  hopper,  self>help,  or  service  call. 

 1 .    An  aircraft  unit  requested  that  they  perform  the 

work  of  laying  floor  tile  in  a  recreational  area. 

 2.    Carpenters  are  working  in  zone  15.  A  job  in  this 

zone  of  repairing  a  ceiling  joist  has  come  to  CE. 
It  is  not  an  urgent  job  but  should  be  completed 
within  30  days. 

 3.    A  water  faucet  is  leaking  badly.  Although  the 

situation  is  not  an  emergency,  it  is  urgent  and 
should  be  completed  within  5  days. 

 4.    A  crew  working  on  a  dining  hall  is  given  an  AF 

Form  1879  directing  them  to  replace  a  doc- 
lock  on  a  pantry  door.  This  job  is  in  addition  to 
the  minor  maintenance  work  they  are 
performing. 

 5.    An  emergency  call  at  1900  hours  to  restore  an 

electrical  power  outage. 
 6.    Job  order  for  work  which  was  requested  on  AF 

Form  332,  BCE  Work  Request. 


020.  Given  a  problem  related  to  storage  facilities, 
analyze  the  problem,  recommend  a  solution,  and  state 
the  process  required  for  the  work. 

Base  civil  Engineer  Work  Order  (AF  Form  327).  This 
document  authorizes  the  performance  of  work  (fig.  2-4).  It 
is  usually  used  for  large  or  complex  jobs  that  require 
detailed  planning  and  control.  The  327  is  also  used  with 
other  records  to  keep  track  of  the  cost  of  labor  and  materials 
needed  to  complete  the  job.  The  form  is  used  if  a  change  is 
made  in  a  real  property  facility.  This  includes  an  increase  or 
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decrease  in  the  value  of  the  property.  It  also  includes 
physical  changes,  such  as  making  an  opening  in  a  wall, 
wires,  plumbing,  ducts;  adding,  removing,  or  installing 
chain-link  security  fences;  and  so  forth. 

Exercises  (020): 

A  change  in  the  mission  at  your  base  has  not  only  created  a 
problem  of  finding  a  working  area  to  house  the  additional 
personnel  you'll  be  receiving  but  for  space  to  store 
additional  equipment,  etc.,  as  well.  The  present  area  is  too 
small  already  and  cannot  be  expanded.  Your  boss  will  take 
the  necessary  steps  to  acquire  sufficient  housing,  but  asked 
you  to  find  a  suitable  location  for  storage  and  to  get  this 
project  started.  You  have  found  a  nearby  area  that  is  ideal. 
Since  this  area  has  been  used  as  a  temporary  parking  area, 
only  minor  maintenance  needs  to  be  done.  The  area  is  not 
secured,  however,  so  a  chain-link  fence  must  be  installed, 

1 .  What  solution  do  you  recommend? 


2.  What  work  process  is  required? 


021.  State  the  use  of  the  DD  Form  2167- 

DD  Form  2167,  Job  Phase  Calculation  Sheet.  This 
form,  as  shown  in  figure  2-5,  is  used  to  compute  the  man- 
hour  requirements  for  work  orders  and  job  orders  when 
detailed  planning  and/or  job  phasing  is  required.  The  DD 
Form  2167  will  show: 

a.  The  work  to  be  accomplished  by  cost  center. 

b.  The  phase  or  phases  in  which  the  work  should  be 
accomplished. 

c.  The  total  phase  time,  using  a  nomograph. 

One  side  of  the  form  is  a  nomograph  chart  with  graduated 
lines  representing  variable  data,  such  as  time  and  man- 
hours.  With  this  the  planner  can  quickly  and  accurately 
transfonn  the  total  **craft  time''  to  the  "allowed  time"  by 
utilizing  the  predetermined  graphical  relationship  of  its 
lines. 

The  other  side  of  the  form  is  most  important  to  you,  the 
craftsman,  and  the  supervisors.  It  lists  the  tasks  to  be 
performed  under  the  task  description  block  in  the  order  they 
are  normally  expected  to  occur.  All  the  important  items  are 
listed,  and  with  this  information  you  are  able  to  accomplish 
the  job  more  effectively. 

Exercises  (021): 

1 .  What  is  the  DD  Form  2 1 67  used  for? 
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Figure  2-5.  Sample  of  DD  Form  2167. 


2.   Why  is  the  nomograph  put  on  the  back  side  of  the  DD 
Form  2167? 


3.   Who  uses  the  nomograph  side  of  the  form? 


4.  What   side   of  the   form   are   the   craftsman  and 
supervisors  mainly  concerned  with? 


022.  State  the  use  of  AF  Form  561 . 

AF  Form  561,  Base  Civil  Engineer  Weekly  Work 
Schedule.  This  form  (fig.  2-6)  is  used  to  identify  how  a 
cost  center's  manpower  resources  are  to  be  expended  over  a 
1-week  time  period.  Each  weekly  schedule  consists  of  two 
parts.  The  first  part,  or  the  front  side,  is  used  to  identify  all 
of  the  indirect  labor  and  manhours  to  be  reserved  for 
continuous  assignments,  such  as  service  calls,  recurring 
maintenance,  and  direct  operation  work.  The  second  part  of 
the  schedule  is  used  to  reflect  a  listing  of  individual  work 
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orders,  IWP  job  orders,  and  those  job  orders  that  the  chief 
of  Work  Control  has  reviewed  and  consolidated  into 
hoppers  for  accomplishment  at  a  later  date.  Each  IWP  work 
order  and  job  order  is  listed  separately  on  Part  II  of  the  AF 
Form  561,  For  each  work  requirement  tlie  work  order 
number,  the  job  description,  the  appropriate  labor 
utilization  code  (LUC),  and  the  man-hours  required  for  the 
job  must  be  entered  on  the  form. 

Part  1  of  AF  Form  561  is  normally  prepared  at  the 
beginning  of  the  week  prior  to  its  use,  and  the  scheduler 
notifies  the  chief  of  Work  Control  when  Part  I  is  completed. 
The  chief  of  Work  Control  directs  the  preparation  of  Part  II 
around  midweek,  and  the  scheduler  meets  with  each 
foreman  and  superintendent  on  an  individual  basis  to 
prepaie  this  part  of  the  schedule.  The  chief  of  Materiel 
Control  should  also  be  available  to  advise  and  assist  the 
scheduler  and  the  foreman  so  that  a  worthy  product  is 
developed. 

Before  each  scheduling  meeting,  the  foreman  reviews  the 
work  orders  and  job  orders  to  be  scheduled  and  indicates 
whether  there  are  aiiy  material  or  man-hour  support 
problems.  If  bench  stock  materials  are  needed,  Materiel 
Control  should  be  made  aware  of  the  shortage  and  should 
request  a  replenishment  from  Base  Supply, 

The  foreman  decides  if  a  job  will  require  the  skills  of  a 
particular  craftsman,  and  should  write  the  craftsman's  name 
across  the  face  of  the  work  order  or  job  order  in  a  bold 
manner.  This  is  done  to  aiert  the  controller  to  assign  that 
individual  to  the  job  whr?:n  listing  the  jobs  on  the  daily  work 
schedule.  In  addition,  for  multishop  jobs,  an  onsite  job 
coordinator  is  designated.  This  individual  is  normally  from 
the  lead  shop  and  will  act  as  a  point  of  contact  for  actions 
concerning  the  job  as  it  is  in  progress. 

Exercises  (022): 

Indicate  in  the  blank  space  provided  those  statements  that 
are  true  or  false . 

 1,    The  BCE  weekly  work  schedule  consists  of  two 

parts, 

 2,    All  work  orders  and  job  orders  are  listed  on  Part 

I  of  AF  Form  561, 
 3,    When  the  weekly  schedule  is  being  developed, 

the  scheduler  is  the  only  person  who  has  an 

input, 

 4,    An   onsite  job  coordinator   is  assigned  to 

multishop  jobs. 

023*  State  the  purposes  of  man-hour  accounting,  the  two 
methods  of  time  accounting,  and  the  correct  procedure 
to  record  man-hours  expended* 

Man-hour  Accounting.  A  man-hour  accounting  system 
is  designed  to  provide  a  uniform  method  of  maximum 
accuracy  with  minimum  effort  and  cost.  Man-hour 
accounting  provides  CE  management  and  base  accounting 
and  finance  with  direct  labor  costs  against  work  order 
numbers.  It  also  helps  CE  management  to  direct  and  control 
manpower  resources.  There  are  two  methods  of  time 
accounting,  the  actual  time  accounting  (ATA)  iyctem  and 


the  exception  time  accounting  (ETA)  method.  Each  BCE 
uses  one  method  or  the  other  to  report  labor. 

Actual  time  accounting  (ATA).  Cost  centers  of  BCE 
using  ATA  report  the  total  number  of  direct  hours  expended 
against  each  work  order  number  by  labor  utilization  code 
(LUC)  and  the  total  number  of  indirect  hours  charged  to 
another  LUC,  An  AF  Form  1734,  BCE  Daily  Work 
Schedule,  is  used  by  ATA  cost  centers  to  record  man-hours 
daily.  An  AF  Form  1734  is  shown  in  figure  2-7. 

The  back  of  the  form  is  used  to  record  the  indirect  hours, 
such  as  leaves,  etc,  and  to  compute  the  total  direct  and 
indirect  hours  for  the  day.  The  back  of  the  form  is  not 
shown  in  the  figure. 

This  form  will  allow  a  maximum  of  44  individuals* 
names  to  be  printed  on  each  page.  It  is  desirable  to  have  no 
more  than  44  individuals  assigned  to  any  cost  center  or 
subcost  center.  The  cost  center  foreman  (CCF)  coordinates 
with  the  appropriate  controller  who  enters  the  following 
information  on  AF  Form  1734. 

a.  The  date  that  labor  is  to  be  performed  is  entered  at  the 
top  of  the  form  in  the  space  provided, 

b.  Names  of  individuals  being  borrowed  from  another 
cost  center  and  those  assigned  to  that  cost  center  but  not 
listed  on  the  AF  Form  1734  are  handprinted  on  the  form. 
They  should  be  shown  below  the  first  group  of  names 
(military  personnel)  if  they  are  military  and  below  the 
second  group  (civilian  personnel)  if  they  are  civilians. 

c.  If  an  individual  is  being  loaned  to  another  cost  center, 
the  control  center  code  and  cost  center  code  of  the  gaining 
cost  center  are  entered  on  the  form. 

J,  Note  that  if  an  individual  is  borrowed  from  another 
cost  center,  the  leading  control  center  code  and  cost  center 
code  are  not  entered  on  the  form.  The  individual  will  be 
reported  as  loaned  by  the  CCF. 

e.  Personnel  being  loaned  and/or  borrowed  between 
subcost  centers  within  the  same  cost  center  are  not  reported 
as  loaned  or  borrowed.  Their  names  will  be  charged  to  the 
work  order  number  against  which  it  was  expended. 

/.  Borrowed  and  loaned  labor  will  always  be  reported 
when  a  change  of  cost  center  is  involved. 

g.  If  an  individual  is  assigned  to  the  cost  center  of 
subcost  center,  but  does  not  appear  on  the  appropriate  AF 
Form  1734,  the  administrat»on  section  is  contacted  to  make 
corrections  of  the  situation. 

Exception  time  accounting  (ETA),  Exception  time 
accounting  cost  centers  use  an  optional  form  to  report 
exceptions  from  their  anticipated  work  schedule.  Those 
personnel  assigned  to  cost  centers  whose  duty  is  related  to 
only  a  single  BCE  cost  account  code  report  their  time  on  an 
exception  basis  only.  Hence,  normal  duty  will  not  be 
reported.  All  labor  is  assumed  to  be  direct,  under  the  LUC 
column,  until  reported  otherwise. 

Exercises  (023): 

1 .  What  are  the  two  purposes  of  man-hour  accounting? 
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2.  What  are  the  two  methods  of  time  accounting? 


3.  What  form  is  used  to  record  man-hours  daily? 


4.  How  would  the  entry  be  made  and  where  for  Sgt  Joe 
A.  Foyt  who  is  borrowed  from  another  organization? 


2«2.  Resources  Management 

In  order  to  get  the  job  done,  resources  such  as  tools, 
materials,  and  equipment  must  be  used.  If  proper 
management  is  not  exercised,  government  property  may 
become  lost,  stolen,  or  abused.  Since  you  work  for  the  Air 
Force,  it  is  just  as  important  that  you  keep  a  protective  eye 
on  Air  Force  property  as  you  do  on  your  own.  If  you  own  a 
new  sports  car  with  a  tape  player  and  CB,  you  certainly 
know  how  to  protect  it.  You  should  protect  a  government 
vehicle  or  a  test  meter  with  the  same  diligence. 

It  is  important  that  you  understand  your  responsibility  for 
government  property,  because  there  may  come  a  time  when 
the  Air  Force  will  ask  you  to  pay  for  a  piece  of  equipment 
that  is  damaged  or  lost.  Your  knowledge  of  the  rules  may 
make  you  conscious  of  your  responsibility  for  its  damage  or 
loss, 

024.  Relate  liability  forms  and  concepts  to  the  form 
numbers  or  to  specific  instances  of  property 
accountability  and  responsibUity. 

Property  Accountability  and  Responsibility.  The 

organizational  commander  is  responsible  and  accountable 
for  all  property  issued  to  his  or  her  organization,  whether  he 
or  she  signs  for  it  or  not.  But  because  the  duties  of  the 
commander  make  it  impracticable  to  exercise  personal 
supervision  of  the  supply  functions,  a  commander 
designates  a  person  to  act  as  supply  officer.  The 
commander  or  the  supply  officer  may  then  designate  other 
representatives  to  receive  and  sign  for  property.  However, 
delegation  of  duty  does  not  ma«.e  the  commander  exempt 
from  financial  liability  for  loss,  damage,  or  destruction  of 
property.  Property  responsibility  is  the  obligation  of  each 
individual  for  the  proper  care  of  property  belonging  to  the 
Air  Force,  whether  or  not  such  property  has  been  issued  to 
the  person  or  his  or  her  unit.  Such  responsibility  includes 
pecuniary  liability. 

When  you  buy  an  article  from  a  store,  the  moment  the 
sales  clerk  completes  the  transaction,  the  store  drops  its 
arcountability.  It  then  becomes  your  property,  and  you  arc 
Duntable  and  responsible  for  whatever  use  you  make  of 
Similarly,  when  a  stock  clerk  issues  an  AF  item  to  you, 
Mntability  is  dropped  insofar  as  the  issuing  authority  is 
Tied.  However,  you  do  not  become  the  owner  of  the 
instead,  the  Air  Force  retains  ownership,  and  you 
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assume  responsibility  for  the  care  and  protection  of  the 
item. 

Supervisory  responsibility.  Supervisory  responsibility 
applies  to  any  person  who  exercises  supervision  over 
property  received,  in  use,  in  transit,  in  storage,  or 
undergoing  modification  or  repair.  The  supervisor  is 
responsible  for  selecting  qualified  personnel  to  perform  the 
duties  under  his  or  her  control  and  for  properly  directing  or 
training  them.  The  supervisor  instructs  them  in  supply 
procedures  in  order  to  insure  compliance  with  Air  Force 
regulations  governing  property.  The  supervisor  is  also 
responsible  for  indoctrinating  h's  or  her  people  in  the 
principles  of  supply  discipline. 

Custodial  responsibility.  Any  individual  who  has 
possession  of  Government  property  has  custodial 
responsibility  for  it.  He  or  she  is  personally  responsible  for 
s»»ch  property  if  it  is  for  his  or  her  official  or  personal  use, 
whether  or  not  this  person  has  signed  a  receipt  for  it.  The 
individual  is  also  personally  responsible  for  any  property 
under  his  or  her  direct  control  for  storage,  use,  custody,  or 
safeguarding. 

"Finders,  keepers"  may  apply  in  some  circumstances 
but  not  to  Government  property.  If  you  find  Government 
property  that  has  apparently  been  lost,  stolen,  or 
abandoned,  you  must  assume  custodial  responsibility  for  it 
and  must  protect  or  carc  for  until  it  can  be  returned  to  the 
proper  authorities.  Personnel  may  be  relieved  of 
responsibility  for  a  particular  piece  of  property  in  a  number 
of  ways,  depending  upon  tlie  circumstances.  For  example, 
property  may  be  turned  back  to  Base  Supply  as  being  excess 
to  the  unit's  needs.  Other  items  may  be  transferred  from  the 
responsibility  of  one  person  or  organization  to  that  of 
another.  If  you  have  custody  of  items  that  arc  damaged  or 
lost  through  your  carclessness,  you  may  be  held  liable  and 
may  have  to  pay  for  them  by  deductions  from  your 
paycheck. 

Pecuniary  liability.  The  word  * 'pecuniary"  means 
money.  Personnel  having  property  responsibility  also  have 
pecuniary  liability  to  make  good  property  lost,  destroyed, 
or  damaged  due  to  their  negligence.  Pecuniary  liability  may 
be  shared  by  persons  having  command,  supervisory,  or 
custodial  responsibility.  If  a  person  pays  for  an  item  of 
Government  property,  the  property  remains  the  possession 
of  the  Government.  This  keeps  the  supply  system  from 
becoming  a  source  of  supply  for  individual  personnel. 

Cash  Collection  Voucher.  When  pecuniary  liability  is 
admitted,  the  least  troublesome  way  to  settle  a  monetary 
obligation  is  to  pay  in  cash,  DD  Form  1131,  Cash 
Collection  Voucher,  is  used  for  this  purpose. 

Statement  of  Charges.  If  airmen  or  civilian  employees 
admit  liability  but  do  not  have  the  money  to  pay  cash  for 
property  damaged  or  lost,  DD  Form  362,  Statement  of 
Charges  for  Government  Property  Lost,  Damaged,  or 
Destroyed,  is  used.  When  either  the  Cash  Collection 
Voucher  or  the  Statement  of  Charges  is  used,  the  amounts 
involved  must  be  less  than  $250,  If  $250  or  more,  then  the 
Report  of  Survey  is  used. 

Report  of  Survey.  When  an  individual  will  not  admit 
pecuniary  liability  or  when  the  amount  involved  is  $250  or 
more,  a  DD  Form  200,  Report  of  Survey,  must  be  preparcd. 
Two  officers  arc  directly  concerned  in  preparing  a  Report  of 
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Survey:  the  appointing  authority  and  the  investigating 
officer.  The  appointing  authority  is  the  commander  or  other 
officer  with  jurisdiction  over  the  individual  responsible  for 
the  property.  The  appointing  authority  appoints  a  survey 
officer  (the  investigating  officer)  whose  duty  it  is  to  make  a 
detailed  and  impartial  investigation  (survey)  of  the 
circumstances  connected  with  the  loss,  damage,  or 
destruction  of  the  property,  A  survey  officer  is  not 
necessary  in  every  instance.  In  some  cases,  the  appointing 
authority  may  make  recommendations  and  forward  the 
Report  of  Survey  to  the  base  commander  for  review  and 
approval. 

As  a  result  of  the  findings,  the  person  responsible  for  the 
property  may  or  may  not  be  required  to  pay  for  it.  If  the 
authorities  decide  from  the  evidence  that  the  responsible 
individual  is  negligent  in  caring  for  the  property  involved, 
then  he  or  she  has  to  reimburse  the  Government  by  paying 
in  cash  (the  Cash  Collection  Voucher)  or  authorizing  a  pay 
deduction  (Statement  of  charges). 

Exercises  (024): 

1.  Match  the  items  in  column  A  with  the  applicable 
responsibility  or  liability  form  in  column  B. 


Column  A 


-d) 

-(2) 

-(3) 
-(4) 

-(5) 

-(6) 

-(7) 


the    loss  of 


.(8) 
-(9) 


.(10) 

-(11) 
.(12) 


Make  good 
property. 

Loss  of  propert>-  in  excess  of 
$250. 

DD  Form  1131. 

Admit  liability  and  pay  for 

property  lost. 

Indoctrination  in  supply 
procedures. 

Detailed  investigation 
concerning  loss  of  property. 
Admit  liability  but  do  no* 
have  the  money  to  pay  for  the 
loss. 

Less  than  $250  involved  in 
the  loss. 

Least  troublesome  way  to 
settle  for  loss. 

Take  care  of  property  you 
find. 

Meas  **money.*' 
DD  Form  362. 


Column  B 

a.  Supervisory 
responsibility. 

b.  Custodial 
responsibility. 

c.  Cash 
Collection 
Voucher. 

d.  Statement  of 
Charges 

e.  Report 
Survey, 


of 


025.  Slate  how  the  equipment  authorization  system 
operates* 

Before  you  start  to  work  on  a  job,  you  must  have  the 
proper  tools  and  equipment.  The  equipment  authorized 
your  work  center  is  based  on  two  interrelated  factors(emthe 
unit  mission  and  the  number  of  people.  If  the  mission 
requires  authorization  for  certain  vehicles  or  similar  major 
items,  operator  personnel  must  be  authorized;  as  more 
personnel  are  authorized,  quantities  of  other  types  of 
equipment  are  affected. 

Ekiuipment  Authorization*  Bases  obtain  supplies  and 
equipment  and  issue  them  to  units  according  to  an 


authorization  system.  Although  there  are  a  variety  of 
authorization  documents,  the  most  common  one  is  the 
Table  of  Allowance  (TA).  Such  tables  are  published  to 
prescribe  the  exact  items  and  quantities  that  each  base  or 
unit  may  draw  (procure).  The  TA  lists  equipment  on  the 
basis  of  the  needs  of  average  Air  Force  units,  since  the 
exact  composition  and  mission,  number  of  facilities 
belonging  to  the  unit,  its  geographic  location,  and  many 
other  factors  vary  from  one  unit  to  another.  Naturally, 
these  factors  affect  the  types  and  amounts  of  items  a  unit 
requires. 

The  Master  Equipment  Management  Index  (MEMI)  is 
used  in  connection  with  the  TAs,  The  MEMI  (TA-001)  is  a 
consolidated  listing  of  equipment  items  in  accordance  with 
the  latest  USAF  Federal  Supply  Catalog,  The  items  are 
cross-referenced  to  TA  numbers  for  the  particular 
equipment  items. 

Suppose  you  need  to  find  out  how  many  desks  a  newly 
organized  AF  unit  is  authorized.  First  look  up  the  item  by 
name  (desk)  in  the  latest  USAF  Federal  Supply  Catalog. 
This  will  give  you  the  class  number,  7110,  in  the 
descriptive  portion,  which  will  let  you  choose  the  desk 
suitable  for  your  organization.  At  this  point,  you  will  find 
the  complete  stock  number  and  the  correct  nomenclature 
(description)  for  the  desk  you  want.  Now  look  up  the  stock 
number  in  the  MEMI,  which  lists  stock  numbers  in 
numerical  order.  This  will  refer  you  to  the  correct  TA 
number.  This  TA  will  tell  you  how  many  desks  your  unit  is 
authorized.  The  Table  of  Allowance  takes  into 
consideration  not  only  the  kind  of  unit  to  be  equipped  but 
also  the  total  manpower  employed. 

Exercises  (025): 


1,  Identify  the  following  situations  that  are  correct  by 
placing  an  **X"  in  the  blank  provided, 

 (1)  The  unit  mission  and  the  number  of  people 

assigned  are  equipment  authorization 
criteria, 

 (2)  The  equipment  authorization  document  is 

the  AF  Form  1297. 
 (3)  The  nomenclature  of  an  authorized  piece  of 

equipment  is  found  in  the  MEMI, 

 (4)  The  TA  is  based  on  average  AF  units, 

 (5)  TA-001  is  the  MEMI. 

 (6)  The  MEMI  and  TA  are  cross-referenced, 

 (7)  The  TA  lists  the  equipment  authorized  for  a 

base. 

 (8)  TA-001  indicates  the  number  of  items  of 

equipment  a  unit  can  procure  for  mission 
accomplishment, 

026.  State  five  pruposes  of  AF  Form  601b  and  the  use  of 
AF  Form  1445. 

Equipment  Requisitioning.  As  a  supervisor,  you  will 
probably  need  to  initiate  a  requisition  for  equipment  on  AF 
Form  601b,  Custodian  Request/Receipt  (fig.  2-8),  Notice 
(in  block  24)  that  the  form  is  used  for  an  initial  issue  or  as  a 
replacement  issue  and  (in  block  23)  to  increase  or  reduce 


29 


EKLC 


6  a 


i_MSgt  Harry  Jones/4l23/483DQ  '224DQ7041  -0007 


NO. 


iN'U^f  0^411  OOC  MlOWANa;t)tNl.^ 


:"'^00  00  434  6555   0084  !  008A 


ACTION  REOUESltD       :w       |ie  m:  [\^.  mMOfSCfiiPHON 


AUlHOfti/AllCN 
5]  INITIAL  tSSUE 


9,  ONIY  1NUS[ 

iNCiuoE  iues 


0 


4,  AF  FOfls^(0lA  CCNmOl  NO. 


NFWAUlH, 

1 


QUESIED 

1 


OF  ISSUE 

EA 


$559.00  C 


I  J.  UNO 


IS.fAO 


in 


16.  USE 
CODE 


i  NF2 


Sprayer,  Insect  AERO 


10.  CUSIOOIAN/SICNAIUHE 


[j ft f PLACEMENT  tSSU[ 

}y  lUBN  lN  r- 

CONDITION 

Q  3MVICf  AaiL 

Q  UNHNOWN 
STATUS 

[]  COMPLETE     []  INCOMPLETE^ 

CALIBRATION  vr?n 
WOUIREO  ^"U 

CLE/.N/ PAINT  vrtn 
WOUIREO  U 

DISASSEMBLY  n 
REQUIRED 

DAlEAVAlUBlEfOUICK^Jp" 

>l  ;usiiF)CAiioN  OK  FyMAr/^liONOfPEQl/ESl' 

This 
insure 


21.  IRANSACIION  SERIAL  NO, 


M    ]  crrilly  thai  t  hivc  evalu* 
this  rffi'JCJl  and  !hc  ccllon 
rrqunttd  hprtln  |i  required, 


SiCfMlUSE  OF  OWN.  COMDR.  , 

Major/USAF 


equipment  is  required  by  the  Entomology  Section  to 
...clrl^  insect  eradication  responsibilities.  At 
present,  the  base  has  no  means  to  control  pests.  Pre- 
viously, this  work  was  done  by  contract.  Since  the 
cpntrjf  t  expired  and  the  only  contractor  with  this  capa- 
bility has  moved  to  another  city,  this  responsibility  is 
now  assigned  function  of  the  Entomology  Section  If 
pest  control  is  not  accomplished,  this  base  will  be  in 
violation  of  Air  Force  and  Environmental  Protection 
Agency  regulations. 
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the  authorization.  An  increase  in  authorization  must  be 
justified  in  block  22.  Block  25  lets  you  use  this  same  form 
to  turn  in  equipment.  When  the  equipment  is  received,  the 
receiving  custodian  must  sign  for  the  property  on  the  form. 
Before  you  complete  an  AF  Form  601b,  refer  to  AFR 
67-23,  Standard  Base  Supply  Customer  s  Guide,  It 
explains  in  detail  how  to  requisition  and  turn  in  equipment. 

Materials  Requisitioning*  Materials  are  requisitioned 
by  the  planning  section  of  BCE  for  all  work  orders  requiring 
materials.  Materiel  Control  prepares  the  requisition  when 
materials  are  required  by  service  calls  and  job  orders. 

Figure  2-9  shows  a  completed  Air  Force  Form  1445, 
Materials  and  Equipment  List,  which  is  used  to  order 
materials.  There  may  be  times  that  you  will  be  told  by  your 
shop  foreman  to  pick  up  work  order  or  job  order  materials 
from  the  BCE  holding  area.  When  you  go,  you  should  take 
the  AF  Form  1445  with  you  and  compare  the  materials  you 
are  picking  up  against  the  items  listed  on  the  form.  Check 
the  nomenclature  to  insure  that  the  item  you  are  to  pick  up 
is  the  same  as  the  one  described  on  the  form.  Also,  check 
the  unit  of  issue  to  insure  that  they  agree;  most  important, 
you  should  insure  that  the  quantity  you  are  to  pick  up  agrees 
with  that  shown  on  the  AF  Form  1445.  If  these  items  do  not 
agree,  do  not  sign  or  accept  any  of  the  items.  You  should 
inunediately  notify  your  shop  foreman  so  that  he  or  she  can 
tiake  appropriate  action. 

Exercises  (026): 
1 .  Which  AFR  explains  how  to  complete  AF  Form  601  b? 


2.  Briefly  state  five  purposes  of  AF  Form  601b. 


3.  What  information  on  the  AF  Form  1445  should  be 
checked  against  the  actual  materials? 


4.  What  is  the  purpose  of  AF  Form  1445? 


Before  Materiel  Control  can  order  the  materials  you  need 
for  a  job,  it  must  know  exactly  what  you  want.  The  best 
way  to  communicate  with  supply  personnel  is  to  give  them 
a  stock  number.  Sometimes  it's  very  easy  to  get  the  stock 
number;  other  times  require  a  joint  effort  between  you  and 
Materiel  Control, 

If  you  have  ever  tried  to  buy  a  part  for  a  car,  motorcycle, 
gun,  or  camera,  you  probably  remember  the  cierk  asking 
you  the  make  or  manufacturer  of  the  item  for  which  the  part 
was  needed.  Unless  he  or  she  was  very  familiar  with  the 
part  in  question,  the  clerk  had  to  consult  the  manufacturer's 
catalog  to  find  the  part  number. 

National  stock  numbers.  The  Air  Force  uses  i3  digits 
(numbers)  to  identify  any  item  of  supply  in  the 
Government's  inventory.  These  national  stock  numbers  are 
keyed  to  national  or  geographical  areas.  For  example, 
7110-00-273-8971  is  furniture,  office,  chair,  rotary, 
typist,  steel,  without  arms.  The  00  in  the  fifth  and  sixth 
positions  represents  the  United  States  (as  does  01).  Other 
nations'  double-digit  numbers,  for  example,  are  12, 
Germany;  14,  France;  15,  Italy;  21,  Canada;  23  Greece;  27, 
Turkey,  etc.  The  other  parts  of  the  stock  number  are  codes 
to  identify  items.  Some  numbers  identify  what  an  item  is; 
others  indicate  its  weight,  size,  shape,  color,  and  even 
where  or  how  it  is  to  be  use4.  Just  as  cost  accounting 
personnel  can  interpret  the  holes  punched  in  specified 
positions  on  a  punchcard,  supply  people  can  decode 
national  stock  numbers.  The  Government  stocks  millions  of 
items  of  supply  and  equipment.  Supply  people  can  tell 
exactly  what  each  item  is  from  the  stock  number.  You  may 
sec  references  to  the  old,  11 -digit  Federal  stock  numbers. 
Do  not  let  this  concern  you,  since  they  will  be  updated 
when  the  publications  are  revised. 

Supply  manuals  and  catalogs.  Supply  manuals  and 
catalogs  are  useful  in  finding  information  on  Government 
equipment  and  supplies.  As  it  is  with  a  city  phone  book  or  a 
mail  order  catalog,  instructions  are  given  in  the  information 
section.  The  supply  publication  that  you  will  use  more  than 
any  other  is  the  General  Services  Administration  (GSA) 
Supply  Catalog.  The  GSA  catalog  contains  items  that  are 
common  to  most  organizations  (furniture,  cleaning 
supplies,  handtools,  laboratory  equipment,  office 
machines,  paint,  and  sports  equipment,  etc:). 

Exercises  (027): 

1 .  What  unit  in  Civil  Engineering  is  the  contact  point  for 
ordering  supplies? 


027.  State  how  to  order  supplies  through  BCE  supply* 

BCE  Supply.  Materiel  Control  is  the  focal  point  in  Civil 
Engineeringforallitemsof  supply.  This  section  is  operated        2.  What  is  the  most  important  information  you  can 
by  CE  supply  personnel.  They  are  the  authority  on  furnish  supply  people  if  you  want  a  sieve  set? 

obtaining  supplies.  Materiel  Control  is  also  responsible, 
jointly  with  Base  Supply,  for  establishing  and  restocking  all 
bench  stocks,  shop  supplies*  and  rolling  stock.  Items  on 
bench  stock  are  limited  to  those  used  frequently  and  those 
that  must  be  available  in  the  immediate  work  area.  Each 
shop  and  service  truck  should  have  a  separate  bench  stock. 
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3.  What  does  the  number  27  mean  in  national  stock 
number  7210-27-221-0352? 


028.  State  the  purpose  of  an  inventory  and  list  Ave  rules 
that  apply  to  supply  discipline. 

Inventory  of  Air  Force  Property.  Inventory  of  supplies 
and  equipment  is  an  important  task  in  managing  resources. 
An  inventory  is  an  actual  on-the-spot  check  with  your  own 
eyes  to  see  whether  or  nov  specific  signed  for  items  of 
property  are  actually  there.  It  also  includes  a  check  of 
expendable  items  (such  as  steel  plate)  to  verify  an  amount 
on  hand  sufficient  to  perform  the  mission  for  a  given  period 
of  time,  Sgt  Brown  was  igiven  the  job  of  inventorying 
equipment.  Without  acti^ally  seeing  all  the  property,  he 
signed  papers  stating  that  the  equipment  shown  on  tlie 
records  was  on  hand.  Five  days  later  when  a  C--141  cargo 
plane  landed  to  pick  up  equipment  for  delivery  to  a  hostile 
area,  the  portable  water  purification  unit  was  missing.  This 
equipment  was  urgently  needed  to  provide  drinking  water 
for  our  frontline  troops.  A  court-martial  investigation 
proved  that  Sgt  Brown  could  not  possibly  have  seen  the 
unity  because  it  had  been  mistakenly  shipped  by  an  airman 
to  another  base.  No  need  to  stress  that  Sgt  Brown  was  in 
trouble.  The  point  to  stress  is  that  you  are  asking  for  trouble 
is  you  make  such  an  inventory  or  falsify  official  papers. 
Certainly  you  wouldn't  deliberately  intend  to  hurt  anyone, 
but  a  false  inventory  can  cause  serious  difficulties  and 
usually  the  one  you  hurt  most  is  yourself. 

During  an  inventory,  if  you  detect  errors  in  description  of 
property,  in  amount,  capacity,  measurement,  or  condition, 
make  a  note  of  it  and  take  steps  to  correct  the  records.  Most 
deficiencies  are  the  result  of  minor  human  errors.  They  can 
be  solved  easily  by  coordinating  with  other  people  and  by 
using  commonsense.  Can  you  imagine  the  embarrassment 
to  your  supervisor  if  the  Inspector  General  reports  that  your 
unit  is  charged  with  12  cases  of  dynamite  but  that  only  2  are 
on  the  premises? 

Many  deficiencies  in  inventory  records  are  caused  by 
simple  errors  of  addition  or  posting.  An  example  of  such 
error  of  addition  can  be  seen  in  this  hypothetical  situation. 
Suppose  that  it  takes  1,200  pounds  of  epoxy  cement  each 
month  to  operate  a  runway  and  that  it  takes  2  weeks 
minimum  to  get  epoxy  when  it  is  ordered.  A  specialist 
adding  an  inventory  list  added  the  following  numbers, 
359.5  H-  436.2  H-  204.3  =  10,000  pounds.  Actually  only 
1,000  pounds  of  epoxy  is  on  hand.  If  this  error  is  not 
discovered,  a  very  serious  situation  will  develop,  because  in 
25  days  there  will  be  no  epoxy  for  the  runway.  This 
situation  could  even  cause  embarrassment  when  the  base 
commander  requests  emergency  funds  and  emergency 
deliveries  from  higher  headquarters. 

Supply  Discipline.  Supply  discipline  simply  means 
obeying  a  set  of  rules  necessary  to  conserve  and  protect  Air 
Force  equipment  and  supplies.  To  state  it  in  another  way, 
*Tlay  the  game  according  to  Air  Force  rules,  not  according 
to  personal  desires."  To  protect  our  country  from  our 
enemies,  the  Air  Force  must  be  ready  to  act  at  a  moment's 


notice.  The  following  rules  will  assure  this  state  of 
readiness: 

Rule  L  Air  Force  equipment  must  be  operational.  If  it  is 
broken  down,  you  can't  use  it.  Proper  maintenance  must  be 
provided  to  keep  equipment  in  a  like-new  state. 

Rule  2,  Adequate  supplies  must  be  on  hand  and  in  good 
condition.  Do  not  hoard  or  requisition  more  supplies  than 
you  actually  need.  This  practice  results  in  shortages  in  some 
areas  and  overages  in  others.  Overstocking  and  hoarding  to 
meet  unforeseeable  needs  places  a  wasteful  demand  on 
procurement  funds  by  generating  false  requirements. 

Inadequate  stocking  of  supplies  and  equipment  can  be 
equally  damaging.  This  condition  may  result  from  failure  to 
maintain  adequate  records  and  from  failure  to  correlate  past 
experiences  with  present  needs. 

Rule  3.  Use  equipment  and  supplies  for  their  intended 
purposes.  Do  not  take  *'^cm  for  personal  use. 

Rule  4,  Safeguard  equipment  and  supplies.  Millions  of 
dollars  of  Air  Force  supplies  and  equipment  have  been  lost, 
stolen,  or  damaged  in  the  past.  This  corfdition  benefits  the 
enemy,  not  ihe  Air  Force. 

Rule  5.  Keep  accurate,  current  records  of  resources 
required,  received,  consumed,  and  on  hand.  Accurate 
accounting  and  records  result  in  an  even  flow  of  rr  rces 
to  meet  Air  Force  needs. 

Exercises  (028): 

1 .  Briefly  state  the  purpose  for  an  inventory  of  Air  Force 
property. 


2.  Define  supply  discipline. 


3.  Briefly  list  five  rules  which  apply  to  supply  discipline. 


029.  State  the  meanings  of  equipment  and  supply 
condition  tags. 

Condition  Tags.  These  forms,  which  are  actually 
colored,  cardboard  tags,  are  attached  to  pieces  of 
equipment  and  material  denoting  the  condition  of  each 
item.  The  tags  are  extremely  important,  and  each  shows  the 
following  statement: 

WARNING:  Unauthorized  persons  removing,  defacing, 
or  destroying  this  tag  may  be  subject  to  a  fine  of  not  more 
than  $1,000  or  imprisonment  for  not  more  than  1  year  or 
both  (18  use  2461). 

Never  remove  a  tag  unless  you  know  you  are  authorized 
to  remove  it.  The  penalty  is  stiff,  and  the  results  can  be 
disastrous.  Suppose,  for  example,  a  service  person  has 
drained  the  oil  from  a  motor  and  placed  an  unserviceable 
(reparable)  green  tag  on  the  starter  switch.  If  you  operate 
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that  engine,  you  will  ruin  it.  If  you  remove  ihc  tag  and 
operate  the  engine,  you  may  be  in  grave  trouble.  There  are 
three  tags: 

(1)  Serviceable  Tag,  This  yellow  tag,  placed  on 
serviceable  material,  is  DD  Form  1574. 

(2)  Unserviceable  (Condemned)  Tag.  This  red  tag, 
placed  on  material  that  probably  will  not  be  placed  back  in 
service,  is  DD  Form  1577,  Do  not  try  to  use  equipment  that 
has  a  red  tag  attached. 

(3)  Unserviceable  (Reparable)  Tag,  This  green  tag  is 
placed  on  material  that  the  inspector  declares  unservi::eable 
at  the  present  time  but  is  probably  reparable.  Tho  tag  is  a 
DD  Form  1577-2. 

To  be  valid,  condition  tags  must  have  the  inspector's 
name  or  stamp  in  the  appropriate  block.  Tlie  date  must  also 
be  included. 

Exercises  (029): 

1.  Which  color  condition  tag  would  you  find  on  a 
serviceable  item? 


Temporary  Issue  Receipt.  Figure  2-11  shows  a 
completed  AF  Form  1297,  Temporary  Issue  Receipt,  for 
items  issued  on  a  temporary  basis  (normally,  24  hours). 
Once  accomplished,  however,  this  receipt  can  remain  in 
force  until  surrendered  by  the  unit  supply  officer.  The  form 
is  sometimes  called  a  custody  receipt  or,  simply,  a  hand 
receipt. 


Exercises  (030): 
1 .  For  what  kind  of  items  do  you  use  AF  Form  1 80 1  ? 


2.  How  do  you  indicate  wheth'^r  you  are  issuing  items  or 
turning  them  in? 


3,  Must  all  items  on  one  form  be  the  same? 


A  piece  of  equipment  has  a  green  tag  on  it.  What  is  its 
condition? 


4.  What  must  follow  the  last  item  on  the  form? 


3.  What  does  a  red  tag  represent? 


5.  What  information  do  you  need  (othei  than  stock 
number,  description,  and  coding)  Oii  each  entry? 


030.  State  how  to  use  supply  issue  and  turn-in  slips. 

Request  Issue  or  Turn-In.  There  are  a  number  of 
supply  forms  for  requisitioning  an  item,  but  the  most 
important  to  you  is  AF  Form  1801,  Request  for  Issue  or 
Turn-In.  It  is  used  for  expendable-type  items.  Figure  2-10 
shows  a  partially  completed  AF  Form  1801  requesting  issue 
for  6  center  bits  and  6  countersinks.  Note  the  Issue  block  at 
the  top  of  the  page  is  filled  in  with  an  "I."  Now  look  at  the 
bottom  of  the  form  and  notice  under  Issue  that  "I"  means  it 
is  an  initial  issue.  Also,  note  that  this  same  form  can  be 
used  for  turn-ins.  Always  place  a  justification  for  the  items 
after  listing  the  last  item. 


6.  For  what  purpose  is  the  AF  Form  1 297  used? 


7.  Normally,  how  long  is  the  AF  Form  1297  used  for 
items  on  a  temporary  basis? 


8.  Give  two  other  names  for  the  Temporary  Issue 
Receipt. 
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CHAPTER  3 


Shop  Mathematics 


ALMOST  EVERY  fabrication  job  that  you  work  on  as  a 
metal  fabricating  specialist  will  require  a  working 
knowledge  of  mathematics.  Because  this  knowledge  is 
basic  to  everything  you  do  it  is  very  important  that  you 
understand,  and  can  apply,  the  principles  which  we  will 
cover  now. 

The  shop  mathematics  discussed  in  this  chapter  includes 
the  use  of  fractional  and  decimal  numbers,  solving 
equations  and  formulas,  and  measurement  of  plane  and 
solid  geometric  figures  related  to  sheet  metalwork.  You 
will  frequently  use  shop  mathematics  in  such  jobs  as 
developing  layouts  and  patterns  for  sheet  metal  repair, 
fabrications,  and  installations. 

If  you  have  a  background  in  arithmetic,  geometry,  or  use 
of  the  metric  system,  this  chapter  will  improve  your  ability 
to  perform  most  of  the  mathematical  problems  related  to 
sheet  metalwork.  If  you  have  a  good  background  in  these 
functions  of  mathematics,  this  text  and  review  exercises 
will  serve  to  refresh  your  memory. 

3-1.  Fractions 

Most  of  the  measuring  tools  that  you  use  are  divided  into 
fractions  of  an  inch.  To  use  these  tools  successfully  you 
must  be  able  to  quickly  add,  subtract,  multiply,  divide,  and 
convert  these  fractions  to  other  units  of  measurement. 
First,  let's  defme  what  a  fraction  is. 

031.  Specify  fraction  types  and  common  divisors; 
reduce,  and  change  fractions. 

Types  of  Fractions.  A  fraction  is  part  of  something — 
part  of  an  inch,  foot,  pie,  apple,  or  just  about  anything.  A 
fraction  has  two  parts:  a  top  and  a  bottom.  Tb^  top  is  called 
the  numerator,  the  bottom  is  the  denominator. 

Numerator  ^ 
Denominator       4  8 

Those  two  fractions  are  examples  of  what  we  call  proper 
fractions.  In  a  proper  fraction,  the  numerator  is  smaller  than 
the  denominator.  Improper  fractions  are  those  with  a 
numerator  larger  than  the  denominator,  such  as  9/8.  The 
fraction  9/8  may  be  considered  to  be  the  sum  of  8/8  plus 
1/8.  It  is  customary  to  change  improper  fractions  to  mixed 
numbers  by  dividing  the  numerator  by  the  denominator. 
The  quotient  (or  result)  is  expressed  as  a  whole  number, 
followed  by  a  fraction  in  which  the  remainder  is  the 
numerator,  and  the  denominator  is  the  same  as  before.  For 
example  9/8  =  11/8,  since  8  is  contained  in  9  one  time  with 
a  remainder  of  1 . 


Sometimes,  as  in  multiplication,  it  is  desirable  to  convert 
a  mixed  number  to  an  improper  fraction.  This  can  be  done 
by  reversing  the  above  process.  To  do  this  conversion, 
multiply  the  whole  number  by  the  denominator  of  the 
fraction  and  then  add  the  numerator  to  your  product;  use 
this  number  as  the  new  numerator  for  the  original 
denominator.  Thus,  to  change  2%  to  an  improper  fraction, 
multiply  2  X  4  and  get  8;  and  8  +  3  =  11.  Putting  this  11 
over  the  original  denominator  4,  you  now  have  11/4, 

When  both  the  numerator  and  denominator  of  a  fraction 
contain  a  conunon  factor,  the  fraction  should  be  reduced  by 
this  factor.  That  is,  the  numerator  and  the  denominator  are 
divided  by  the  common  factor.  For  example,  the  fraction 
6/8  can  be  reduced  by  dividing  both  the  6  and  8  by  2  (6/8  = 
6  divided  by  2  =  3,  and  8  divided  by  2  =  4,  which  =  3/4.) 
The  answer  is  3/4,  which  has  the  same  value  as  the  original 
6/8.  This  process  is  called  reducing  a  fraction  to  its  lowest 
terms.  If  both  the  numerator  and  denominator  of  a  fraction 
are  either  multiplied  or  divided  by  the  same  number,  the 
value  of  the  fraction  is  not  changed. 

Exercises  (031): 

1,  Identify  the  type  of  fraction  of  the  following  listed 
fractions: 

a,  9/8. 


b,  2^. 


c.  57/64. 


2.  Identify  the  largest  common  divisor  used  to  reduce 
each  of  the  following  fractions: 

a.  6/8. 


b.  32/64. 
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c.  14/32. 


d.  49/42. 


3.  Convert  the  following  to  mixed  numbers: 
a.  27/4. 


b.  134/8. 


c.  65/64. 


d.  2/16. 


032*  Convert  mixed  numbers  to  improper  fractions  and 
salve  addition,  subtraction,  multiplication,  and  division 
problems,  using  fractions. 

Multiplying  Fractions.  Peiiiaps  the  simplest  operation 
with  fractions  is  multiplication  such  as  1/4  X  3/4  =  3/16, 
and  2  X  3/4  =^  6/4  =  1  %  =r  l  1/2.  When  mixed  numbers  are 
to  be  multiplied,  first  change  each  to  an  improper  fraction 
and  proceed. 

1  V2  X  =  5/3  X  7/2  =  35/6  =  5%. 
1  «/4  X  2    =  5/4  X  5/2  =  25/8  ^  3  i/,. 


Frequently,  you  can  simplify  the  multiplication  of 
fractions  by  performing  c<  rtain  divisions  of  the  numerators 
and  the  denominator  before  proceeding  with  the  indicated 
multiplication.  For  instance,  you  can  multiply  3/10  by  4/9 
in  the  following  way: 

Example: 

1  2 

2  X    ^  =  _2_ 

10  '9  15 

5  3 

Here,  you  divided  (commonly  called  canceling)  before 
performing  the  indicated  multiplication.  The  numerator  3 
and  the  denominator  9  were  divided  by  the  common  factor 
3.  The  numerator  4  and  the  denominator  10  were  divided 
by  the  common  factor  2.  Then,  with  the  numerators  1  and  2 
and  the  denominator  5  and  3.  you  easily  arrived  at  the 
answer  2/15. 
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Division  of  Fractions.  Division  is  also  simple,  just  like 
multiplication,  except  for  one  change.  That  is  to  invert  the 
divisor.  With  the  divisor  inverted,  multiply  the  dividend  by 
the  inverted  divisor  as  in: 

3/4     1/4  =  3/4  X  4/1  -  12/4  =  3 

or 

3/4     1/4  -  3/4X4/1  =3/1=3 

In  division,  after  inverting  the  divisor,  follow  the 
principles  of  multiplication. 

If  the  upper  fraction  is  called  the  smaller  cf  the  two.  first 
borrow  one  whole  unit  from  the  top  whole  number  and 
convert  it  into  the  fractional  equivalent  of  a  whole  number 
Add  this  and  the  fraction  you  already  have;  then  proceed 
with  the  subtraction. 

Example: 

29'/4      =  28V4 
-15%      =  -XSV^ 

13  ^4    =  13>/2 


Adding  Fractions.  To  add  mixed  numbers,  you  must 
first  find  the  common  denominator.  The  common 
denominator  is  a  denominator  that  is  devisable  by  all  of  the 
denominators  involved. 

To  change  fractions  to  common  denominator  fractions, 
you  find  the  smallest  number  that  all  denominators  will  go 
into  evenly.  Let's  look  at  an  example. 

To  Add     Change  to 

13  'A  13  Vii. 

16  16  'Via 

5  '^         5  'y,8 


Why  did  we  use  18  as  a  common  denominator?  Because 
6.  3.  and  9  will  go  into  18  evenly.  Now.  let's  look  at  the 
numerators  1.  2.  and  7.  What  happens  to  them?  Let's  look. 
In  the  ca:<;  of  1/6.  6  goes  into  18.  3  times  and  3  times  1  =  3. 
so  all  this  equals  3/18.  Now  look  at  2/3;  3  goes  into  18.  6 
times  and  6  times  2  equals  12.  so  we  get  12/18  and  so  forth. 
Now  add  them  together.  Remember,  when  adding  common 
denominator  fractions,  you  add  the  numerators  only. 

In  the  exr^Tiple  we  have  3.  12.  and  14  that  add  up  to  29  or 
29/18.  which  equals  1  .  Now.  add  the  whole  numbers  in 
the  example.  13.  16.  and  5.  that's  easy;  34  is  the  correct 
answer.  No!  You  forgot  the  fractions.  34+1  =35 

120^4  =  I20y8 

52%  =  52  3^ 

23 '/2  =  23  % 

195  (13/8      =  I) 

So. 

195  +  I  =  196 

Subtracting  Mixed  Numbers.  When  the  fraction  in  the 
top  number  (minuend)  is  greater  than  the  fraction  in  the 
lower  number  (subtrahend),  subtract  the  whole  part  from 
the  whole  part  and  the  fraction  from  the  fraction. 
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Examples: 

22  Vs 
-12  y, 

10  '/s 


22^4  =  22y4 
~12'/2      =       12  % 
10'/. 

Exercises  (032): 

I.  Convert  the  following  mixed  numbers  to  improper 
fractions  and  reduce  to  lowest  terms. 

a.  31/2, 

b.  6  18/^ 


c.  5  Vs. 


d.    1  »/4, 


e,  4^16. 


2.  Solve  the  following  problems: 
a.  11/12X7/8. 


b.  4^3X35/6, 


c.  3/4X5/9. 


3.  Solve  the  following  problems: 
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b.    %  -^  y4. 


c,  I6y4-^3y4. 


d.  25  y.^sy, . 


4,  Identify  the   mixed   numbers  below   that  contain 
improper  fractions. 

a,  3'y,6. 


b,  7%, 


c,  P/2. 


d. 


e.  4%. 


f.  2»%. 


5,  Prepare  the  following  figures  for  addition: 

3'  21 

7 

18  3/4 

11  Va 
15 

4% 


1 
1 

6 

14  Va 
3 


6,  Find  the  correct  answers  to  a  and  b  of  exercise  5 , 


7,  Prepaid  the  following  for  subtraction: 
a. 

213/,, 

-145/6 


Read  a  decimal  precisely  as  if  it  were  a  whole  number, 
and  then  give  it  the  name  of  the  lowest  decimal  place.  Point 
1  (0.1)  is  read  one  tenth,  point  01  (0,01)  is  read  one 
hundredth,  point  001  (0.001)  is  read  as  one  thousandth,  etc. 

An  example  of  decimals  you  will  be  using  is  a  No.  39- 
twist  drill,  which  is  0.099  inch  in  diameter;  the  decimal 
0,099  is  read  ninety-nine  thousandths.  Another  example  is 
24-gage  sheet  metal,  which  is  0,025-inch  thick;  the  decimal 
0,025  is  read  twenty-five  thousandths, 

A  mixed  number  with  decimals  such  as  1,25  is  read  one 
and  twenty-five  hundredths,  or  simply  one  point  twenty- 
five. 

Changing  Fractions  to  Decimals.  To  change  a  common 
fraction  to  a  decimal  fraction,  divide  the  numerator  by  the 
denominator. 

Example: 


8> 


0.875 

7,000 
64 
60 
56 
40 
40 


b. 


14Vi6 
5V8 


Find  the  correct  answer  to  a  and  b  of  objective 
032,  exercise  7, 


3-2.  The  Decimal  System 

When  solving  mathematical  problems,  it  is  often  easier 
to  convert  a  fractional  number  to  a  decimal  before  solving 
the  problem.  Also,  many  times  measurements  will  b^ 
expressed  in  decimal  form  on  a  blueprint  or  drawing. 
Therefore,  it  is  essential  that  you  are  able  to  perform  math 
functions  with  decimal  numbers. 

033.  Solve  multiplication  and  addition  problems  with 
decimals  and  fractions. 

Decimals.  The  decimal  fractions  express  tenths  of  a 
unit— and  that  can  be  about  anything— weight,  length,  size, 
hour,  etc. 

The  decimal  fraction  is  written  so  that  it  has  only  a 
numerator  which  contains  a  decimal  point.  The  decimal 
point  is  written  at  the  left  of  the  number  expressing  the 
numerator.  For  example,  0,5  is  a  decimal  and  is  read  point 
5,  or  five  tenths.  Its  value  is  the  same  as  the  fraction  5/10. 


Therefore: 


7/8  «  0,875 


Changing  Decimals  to  Fractions.  To  change  a  decimal 
fraction  to  a  common  fraction,  omit  the  decimal  point, 
write  the  understood  denominator,  aiid  reduce  to  lowest 
terms. 

Example: 


,875 


Using  Decimal  Equivalent  Charts.  Figure  3-1  is  a 
decimal  equivalent  chart  which  you  can  use  to  convert 
fractions  to  decimals  and  decimals  to  fractions  without 
using  the  preceding  mathematical  procedures.  The  chart 
contains  the  decimal  equivalents  of  all  fractional  values 
from  1/64  to  64/64,  In  shop  work,  you  will  save  time  by 
using  the  decimal  equivalent  charts;  however,  sometimes 
you  will  encounter  fractions  that  arc  not  on  the  chart  and 
must  be  figured  arithmetically. 

Example:  Use  figure  3-1  and  determine  the  decimal 
equivalent  of  1/64,  5/32,  6/16,  and  7/8, 

1/64  =  0,015625 
5/32  =  0.15625 
6/16  =  0,375 
7/8  ==  0,875 

Adding  Decimals.  To  add  numbers  containing 
decimals,  the  decimal  points  must  be  aligned  in  a  vertical 
column. 

Example:  Find  the  sum  of  23.01  0.037,  and  1.3, 


13,01 
0,037 
1,3 

14.347 
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Figure  3-1 ,  Decimal  equivalent  chart. 


Subtracting  Decimals.  To  subtract  decimal  fractions, 
align  the  decimal  points  as  in  addition  and  determine  the 
difference. 

Example:  Subtract  2.84  from  15.1. 

15.10 
-2,84 


12,26 


Multiplying  Decimals.  To  multiply  decimal  numbers, 
place  the  multiplier  under  the  multiplicand,  disregarding 
the  position  of  the  decimal  points.  Multiply  as  with  whole 
numbers,  and  in  the  product,  point  off  as  many  decimal 
places  as  there  are  decimal  places  in  both  multiplier  and 
multiplicand,  beginning  at  the  right,  adding  zeros  as 
necessary. 

Examples: 

a.  c, 

.25  11,25  .05 

2.5   J5^  .5 

125  5625  .025 

50   7875 

.625  8.4375 


Exercises  (033): 

I,  Add  the  following  mixed  numbers  and  fractions: 
36,734.  2,4.  ,008.  13/16.  and  6 17/,2  , 


2,  Multiply  the  following: 

a,  2,08 
40,3 


b,  ,03 
,38 


c,  3,45 
2,8 


3-3.  Metrics 

In  this  section,  we  discuss  only  part  of  the  metric  system. 
It  was  first  established  in  France  following  the  French 
Revolution.  In  the  near  future,  the  United  States  will 
officially  start  to  use  the  metric  system  of  measurement. 
Though  the  United  States  Government  legalized  the  metric 
system  back  in  1866,  the  population  has  clung  to  the 
English  system  of  measurement. 

This  metric  system  has  three  principal  units,  the  meter, 
as  the  unit  of  length;  the  liter,  as  the  unit  of  capacity;  and 
the  gram,  as  the  unit  of  weight.  034.  Convert  inches  and 
fractions  of  inches  into  parts  of  meters  as  used  in  the  metric 
system  and  solve  problems,  using  conversion  charts. 

The  unit  you  will  use  most  often  is  the  meter.  Did  you 
know  that  the  meter  is  the  only  legalized  unit  of  measure  of 
length  in  the  United  States?  Well,  it  is.  Terms  used  in  the 
metric  system  are  all  in  units  of  10.  Multiples  of  these  are 
obtained  by  prefixing  the  Greek  words:  deca  (10),  hecto 
(100),  and  kilo  (1000).  Divisions  are  obtained  by  prefixing 
the  Latin  words:  deci  (1/10  or  0.1),  centi  (1/100  or  0.01), 
and  milli  (1/1000  or  0.001). 

Notice  in  figure  3-2  that  the  meter  is  located  in  the  center 
of  the  lists  of  names.  At  the  left  is  a  column  of  metric  units 
and  what  they  represent.  Note  that  the  difference  is  the 
location  of  the  decimal  point. 

Millimeter  (mm)  is  the  smallest  metric  unit  of  length  that 
we  will  talk  about. 

Now  that  we  can  identify  the  little  marks  of  a  meter,  let's 
see  what  we  get  when  we  ;f  .  ply  meters.  Ten  meters  is  a 
decameter  (dkm),  ten  decameters  is  a  hectometer  (hm),  and 
ten  hectometers  is  a  kilometer  (Ion).  These  different  units 
are  listed  in  figure  3-3. 

Figure  3-4  shows  a  conversion  table.  Here  is  a  quick 
reference  to  convert  from  given  inches  to  millimeters. 
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Kilo  1000. 
Heoto  100. 
Deca  10. 


Decl 

Contl 

Kllll 


.1 

.01 

.001 


2 

4 

0 

6 

1* 

Figure  3-2.  Units  of  measure. 


In  order  to  read  blueprints  and  make  accurate  plans, 
when  converting  to/from  metrics,  check  figure  3-5  for  a 
quick  conversion  chart.  Notice  that  in  this  figure 
measurements  are  converted  both  ways,  inches  to  metrics, 
and  metrics  to  inches,  and  includes  several  types  of 
measurement  units. 

If  50  meters  equals  54.68  yards,  let's  see  what  64  meters 
equal:  65.62  -f  4.3'^  =  69.99  yards. 

Now  you  can  convert  whole  numbers  (inches)  to  meters. 
What  do  you  do  with  fractions?  You  can  take  25.3995 
(metric  equivalent  of  1  inch)  and  divide  and  multiply  and 
round  off  the  answer  to  the  fourth  decimal  point,  or  you  can 
check  figure  3-6  for  a  list  of  fractions  of  an  inch  with 
decimal  and  millimeter  equivalents.  These  figures  arc 
useful  in  many  ways — one  of  which  is  finding  twist  drill 
sizes. 

From  time  to  time,  you  will  have  a  real  need  to  work  with 
dry  volume.  So  that  you  can  be  prepared  and  ahead  of  the 
average,  study  figure  3-7.  Let's  say  you  have  a  job  to 
construct  a  form,  box,  or  whatever  out  of  16-gage 
galvanized  metal  that  will  h„>id  9  cubic  meters  of  sand. 
Your  container  is  to  be  34  inches  high  and  94  inches  wide. 
Now  how  long  must  it  be?  To  find  out  ie*  's  start  with  what 
we  know,  34"  X  94"  =  3196  sq  in  and  1  '4  sq  in  =  1  sq  ft. 
So  by  dividing  144  into  3196,  we  find  that  we  have  a 
container  with  22. 19  sq  ft  area  on  one  end.  Now  all  we  need 
is  the  length.  To  find  the  length,  divide  the  area  of  the  end 
(in  this  case  22.19)  into  the  total  volume —  (in  this  case,  9 
cu  meters  =  317.8  cu  ft)  and  we  come  up  with  14.32  ft  or 
14'4".  So  now  we  know  that  your  container  must  be  14'4" 
long. 

When  you  are  faced  with  a  problem  with  liquid  volumes 
in  metrics,  remember  that  the  liter  is  the  foundation  of 
liquid  measure.  Refer  to  figure  3-8  and  the  back  of  a 
circumference  ruler.  Between  these  two  you  should  be  able 
to  accurately  solve  any  problem  you  may  encounter. 

To  work  with  units  of  weight  in  the  metric  system,  the 
kilogram  (kg)  is  the  foundation  of  measure.  Figure  3-9  is  a 
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Figure  3-4.  Inches  to  millimeters. 


conversion  of  U.S.  weights  and  metric  weights.  Study  it  so 
that  when  you  work  with  blueprints  (especially  overseas) 
made  under  the  metric  system  you  won't  make  costly 
errors. 

Exercises  (034): 
1.  Using  figure  3-4,  convert  53  inches  to  millimeters. 


2.  Using  figures  3-4  and  3-5,  find  the  answers  to  the 
following: 

a.  Find  the  millimeter  equivalent  of  6,  9,  21,  54, 
and  68  inches. 


b.  Find  the  millimeter  equivalent  of  12,  14,  23,  28, 
39,  and  89  inches. 


3.  Using  figures  3-2,  3-4,  3-5,  and  3-6,  find  the  correct 
answer. 

a.  Find  the  total  millimeter  equivalent  of  6  yg  , 
29  ^7/64 .  86  »»/32 .  1  ^4,  and  36  »3/,6  inches. 


b.  Find  the  total  kilometer  equivalent  of  98,  61 ,  and 
984  miles. 
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Figure  3-3.  Measures  of  length. 


inches 


feet 


meters 


centi- 
meters 


inches 


meters 


1 
2 
3 
k 
5 
6 
7 
8 

9 
10 
12 
20 
2U 
30 
36 
UO 
U8 
50 
60 
70 
72 
80 
8U 
90 
96 
100 


miles 

ot62 
1.21 
1.86 
2.U9 
3.11 
3.73 
U.3$ 
U.97 
5.59 
6.21 
7.U6 
12. U3 
IU.91 
18. 6U 
22.37 
2U.85 
29.83 
31.07 
37.28 
U3.50 
hh.lh 
U9.71 
52.20 
55.92 
59.65 
62.14 


. kilo- 
meters 


1.61 
3.22 
U.83 
6.hh 
8.05 
9.66 
11.27 
12.87 
1U.U8 
16.09 
19.31 
32.19 
38.62 
U8.28 
57. 9U 
6U.37 
77.25 
80.  U7 
96.56 
112.65 
115.87 
128.75 
135.18 
lUI^.8U 
15U.50 
160.91 


' yards 


1.09 
2.19 
3.28 
U.37 
5.U7 
6.56 
7.66 
8.75 
9.8U 
10. 9U 
13.12 
21.87 
26.25 
32.81 
39.37 
U3.7U 
52.  U9 
5U.68 
65.62 
76.55 
78. 7U 
87.  U9 
91.86 
98.  U2 
IOU.99 
109.36 


meters 


0.91 
1.83 
2.7U 
3.66 
U.57 

5.  U9 

6.  U0 
7.32 
8.23 
9.IU 

10.97 
18.29 
21.95 
27.  U3 
32.92 
36.58 
U3.89 
U5.72 
5U.86 
6U.00 
65. 8U 

73.15 
76.81 
82.30 
87.78 
91.14+ 


feet 


3.28 

6.56 
9.81 
13.12 
16.  UO 
19.68 
22.97 
26.25 
29.53 
32.81 
39.37 
65.62 
78. 7U 
98.  U2 
118.11 

131.23 
157. U8 
16U.0U 
196.85 
229.66 
236.22 
262. U7 
275.59 
295.28 
31U.96 
328.08 


0.30 
0.61 
0.91 
1.22 
1.52 
1.83 
2.13 
2.hh 
2.7U 
3.05 
3.66 
6.10 
7.32 
9.IU 
10.97 
12.19 
IU.63 
15. 2U 
18.29 
21. 3U 
21.95 
2U.38 
25.60 
27.  U3 
29.26 
30. U8 


0.39 
0.79 
1.18 
1.57 
1.97 
2.36 
2.76 
3.15 
3.5U 
3.93 
U.72 
7.87 
9.U5 
11.81 
1U.17 
15.75 
18.90 
19.68 
23.62 
27.56 
28.35 
31.50 
33.07 
35.  U3 
37.80 
39.37 


2.5U 
5.08 
7.62 
10.16 
12.70 

15. 2U 

17.78. 
20.32 

22.86 
25.  UO 
30. U8 
50.80 
60.96 
76.20 
91.UU 
101.60 
121.92 
127.00 

152. UO 
177.80 
182.88 
203.20 
213.36 

228.60 
2U3.8U 
25U.00 


Figure  3-5.  Conversion  chart. 
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D*cifn*l 
o(  Inch 


.015635 
ojias 
04WJ75 
o6as 
078135 
«937S 
«0937S 

140635 

156*5 
171875 

1875 
aojias 

>3437$ 

28125 

J0<-.875 

3135 

338135 

34375 

3S937S 

390635 

40635 

4=1875 

4375 

453 i>5 

46875 

o  4li437S 

OS 


Millie 


Fraction 

Ol  iDcb 


D«cim*l 
o<  Inch 


00968 
0,7937 
I, 1906 
1-5875 
I  - ^843 
9.3813 
3,7780 
3-1749 

3-  5718 
3,9686 

4-  3655 
4,7634 

5-  1593 
5-556X 

5-9530 
6.3498 
6,7467 
7-1436 
7-5404 
7,9373 
8034a 
8,7310 
9-1379 
9-5348 
9-9316 
10.3185 
10,7154 

11,1133 
11,5091 
1 1 ,9060 
I  3  .  3039 
13.6997 


0,515635 

0,53135 

0,546875 

0,5635 

0,578135 

0,59375 

0,609375 

0,635 

0.640635 

0,65675 

0,671875 

0.6875 

0,703135 

0.71875 

0.734375 

0.75 

o.  765635 
o, 78135 

0.796875 

08135 

O.S38135 

0,843750 

0.859375 

o.ft75 
o.bs;'^35 

o.9o6;s 

0.931875 

0.9375 

0,953135 

0.96875 

0.98437s 

t  .0 


Mini, 

fB«t«rt 


13  0966 
13  49,14 
13  800  J 
14-3873 
14,6841 
X 5  0800 
IS  4778 

1.S.8747 
xo  371S 
16.6684 

17  0653 
17.4611 
17  8590 
18,3559 
18,6537 
19.0496 
19.4465 
19  8433 
30. 340a 
30. 637 1 
31,0339 
i I , 4308 
31.8377 

33. 3345 
33,6314 
33,0183 
33.4151 
33 .  8l30 

34,3089 
34.6057 

35 .0036 
35  3995 
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4,  Using  figures  3-4,  3-5,  and  3«8,  convert  the  following 
to  metric, 

a,  4  feet4V2  inches. 


b,   3  pounds. 


c,  5 V2  gallons  (NS), 


5.  Using  figure  3-7,  convert  127  cubic  meters  to: 
a,  cubic  feet. 


b.  cubic  yards. 


Figure  3-6,  Fractions  to  millimeters. 


cu.meters 
cu.yd  


cu.ft 


cu.ft 


cu.in 

1 
2 
3 
k 
5 
6 

7 
8 

9 

10 
20 
30 
UO 
50 
60 
70 
80 
90 
100 

Exantple: 
Volxime: 


cu.cm 

if 

16.39 
32.77 
U9.16 

65.55 
81.  ?U 
98.32 
11U.71 
131.10 
1U7.U8 
163.87 
327. 7U 
U91.61 
655. U8 
819.35 
983.22 

117U.09 
1310.96 
1U7U.8U 
1638.71 


>  cu. meters 


1 


0.028 
0.057 
0.085 

0.113 

0.112 

0.170 
0.198 
0.227 

0.255 

G.283 

0.566 

0.  850 

1.133 

1.  U16 
1.700 
1.982 
2.265 
2.5U8 
2.832 


-fr  cu. meters 


f 

0.76 
1.53 
2.29 
3.06 
3.82 
U.59 
5.35 
6.12 
6.88 
7.65 
15.29 
29. 9U 
30.58 
38.23 
U5.87 
53.52 
61.16 
68.81 
76.  U6 


cu.yd 


f 

35.3 
70.6 

105.9 
IUI.3 
176.6 
211.9 
2U7.2 
282.5 
317.8 

353.1 
706.3 

1059. U 

1U12.6 
1765.7 
2118.9 
21+72.0 
2825.2 
3178.3 

3531. U 


1.31 
2.62 
3.92 
5.23 
6.5U 
7.85 
9-16 
10.  U6 
11.77 
13.07 
26.16 
39. 2U 
52.32 
65.  UO 
78.  U8 
91.56 
10^.63 
117.71 
130.79 


3  cu.yd  =  2.29  cu.  m 

The  cubic  meter  is  the  only  common  dimension  \i8ed  for  measuring  the 
volxime  of  solids  in  the  metric  system 

CP-18 

Figure  3-7,  Cubic  conversion  chart. 
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79 


lit 

lit 

.1 

.38 

1 

.2 

•  76 

2 

7.  ?7 

.3 

I.IU 

3 

11.36 

.u 

1.51 

U 

15.  li* 

.5 

1.89 

5 

18.93 

•  6 

2.27 

5 

22.71 

.7 

2.65 

7 

26.50 

.8 

3.03 

8 

30.28 

.9 

3.1*1 

9 

3U.07 

lit 

10 

20 

P 1  .  1  * 

30 

113.56 

UO 

151. U2 

50 

189.27 

60 

227.12 

70 

26U.98 

80 

302.83 

90 

3U0.69 

100 

378. 5U 

I  US  OAL  «  3.  789412  Liters 


Figure  3-8.  Gallon  to  liter. 


3*4.  Equations  and  Formulas. 

Many  jobs  will  be  difficult  or  impossible  to  accomplish 
unless  you  know  a  few  basic  formulas  relevant  to  linear 
measurement  or  geometric  functions. 

In  this  section,  you  are  entering  into  another  branch  of 
mathematics  that  is  important  to  metal  fabrication 
specialists.  An  understanding  of  this  phase  and  the 
successful  use  of  formulas  will  help  you  save  time  while 
solving  problems.  These  formulas  are  not  difHcult,  because 
they  deal  primarily  with  fundamentals  of  arithmetic  and 
simple  algebra. 

035.  List  the  parts  of  formulas  and  specify  the  rules 
concerning  equations. 

Equations.  An  equation  is  a  mathematical  statement 
which  expresses  the  equality  of  two  or  more  quantities.  For 
example,  the  statement  5  +  4  =  9  is  an  equation.  It 
expresses,  in  an  abbreviated  form,  the  fact  that  the  sum  of  S 
+  4  is  equal  to  9.  Furthermore,  if  three  quantities  such  as, 
a,  b,  and  c  are  given,  the  whole  equals  the  sum  of  the  parts, 
the  equation  a  +  b  +  c  =  x  can  be  formed  that  will  identify 
x  as  the  unknown  side  of  the  equation.  Example:  a 
represents  a  length  of  1  inch;  b,  2  inches;  and  c,  3  inches. 
Now,  you  can  solve  the  equation  by  substituting  the 
numerical  values  and  adding  1  +  2  +  3,  which  is  6.  Thus,  a 
+  b  +  c  =  6,  because  x  is  equal  to  the  sum  of  the  parts  (a  + 
b  +  c). 

An  equation  is  always  divided  into  t^^^o  parts  by  the  equal 
sign  (=).  The  two  parts  of  an  equation  are  called  members 
of  the  equation  cr  the  two  sides  of  the  equation.  It  is 
nc^ssary  for  an  equation  to  be  balanced  at  all  times.  If  two 
unequal  weights  are  placed  in  the  pans  of  a  common  scale, 
the  scale  will  not  balance.  Similarly,  if  you  say  2  +  2  =  2 
+  3,  the  equation  does  not  balance.  It  should  read  2  +  2  = 
1  +  3,  or  other  equal  values.  In  an  equation,  changes  may 
be  made  provided  the  equality  is  maintained.  This  means 
that  you  may  add  or  subtract  the  same  quantity  from  both 
sides  of  an  equation  or  multiply  or  divide  both  sides  of  an 
equation  by  the  same  quantity  without  changing  the  value 
of  the  equation. 

Formulas.  A  formula  is  a  special  type  of  equation  that 
expresses  a  certain  fact,  law,  or  relation  by  means  of 


symbols  or  letters.  There  are  several  reasons  why  a  formula 
is  used  in  solving  many  shop  problems.  First  of  all,  a 
formula  is  more  compact,  making  it  easier  for  the  eye  to 
distinguish  the  whole  meaning  of  the  law  or  rule  at  a  glance. 
Secondly,  it  is  easier  for  an  individual  to  memorize  a  few 
symbols  rather  than  a  paragraph  of  explanations.  For 
example,  the  law  for  determining  the  area  of  a  rectangle  is 
usually  stated  as  follows:  The  area  of  a  rectangle  is  equal  to 
the  length  of  one  side,  multiplied  by  the  length  of  the  other 
side.  This  law,  however,  can  be  stated  in  simpler  forms  by 
the  formula  A  =  bh,  where  b  represents  the  base  ana  h 
represents  tiie  height  or  altitude.  In  this  formula,  you  easily 
see  how  to  attain  the  area  of  a  rectangle.  Notice  that  this 
formula  eliminates  using  long  terms  that  are  difficult  to 
interpret.  In  short,  a  formula  is  a  simplified  expression  of 
the  same  law  or  rule. 

Abbreviations  Used  in  Formulas.  Since  formulas  are 
equations  that  involve  a  sort  of  mathematical  shorthand, 
you  must  understand  the  meaning  of  the  various  symbols 
used.  From  your  experiences  in  school  arithmetic,  you 
should  recall  the  mear.ing  of  the  plus  sign  (+),  minus  sign 
(-),  multiplication  sign  (X),  division  sign  (-r),  and  equal 
sign  (=).  You  should  also  recall  that  the  exponent  (^)  means 
to  square  a  number.  For  example,  2^  means  2X2,  and  2^ 
means  2  X  2  X  2,  or  2  cubed.  Now  in  formulas  such  as  A  = 
bh,  we  mean  that  the  area  equals  the  base  times  height.  In 
the  formula  A  = 

bh 
2  ' 

we  mean  t  .  t  area  (A)  is  equal  to  the  base  (b)  times  the 
height  (h)  divided  by  2.  An  abbreviation  often  used  when 
figuring  the  dimensions  of  circles  is  the  Greek  letter  (it), 
pronounced  pi,  which  is  used  in  mathematics  to  represent 
the  numerical  value  3. 1416.  The  number  3.1416  is  the  ratio 
of  the  distance  around  the  circumference  to  the  diameter  of 
a  circle.  In  the  formula 

a  =  P  r  2. 

we  mean  that  the  area  of  a  circle  is  equal  to  3.1416  times 
the  radius  squared. 

Transposition  in  Formulas.  The  common  method  of 
working  a  formula  is  to  place  the  known  vaiues  on  one  side 
of  the  equal  sign  and  the  unknown  values  on  the  opposite 
side.  For  example,  in  the  formula  A  =  bh,  the  area  of  any 
rectangle  (A)  may  be  found  if  the  base  (b)  is  multiplied  by 
the  height  (h).  However,  if  the  area  and  base  are  known,  we 
could  solve  for  the  height  by  transposing  the  formula  to 

read:  h  =  A 
b 

Here,  you  have  the  same  law  but  with  a  different 
arrangement  for  'die  purpose  of  finding  the  height  when  the 
area  and  base  are  known.  To  determine  the  values 
represented  by  different  letters  of  the  formula,  it  is 
necessary  to  know  how  a  formula  can  be  changed  or 
transposed.  Changing  a  formula  in  this  way  is  known  as 
transposition.  The  four  general  rules  that  apply  to 
transposition  are  as  follows: 
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oxmces 

gTBIHB  - 

poimds 
kg   


gr€uns 


oimoes 


shoirt 
ton 


metric 

short 

ton  ton 

1 

1.10 

2 

2.20 

3 

3.31 

k 

k.Ui 

5 

5.51 

6 

6.61 

7 

7.72 

8 

8.82 

9 

9.92 

10 

11.02 

16 

17.63 

20 

22.05 

30 

33.07 

Uo 

M1.O9 

50 

55.12 

60 

66.11+ 

70 

77.16 

80 

88.18 

90 

99.21 

100 

110.20 

metrlo 
ton 

1 

0.91 
1.81 
2.72 
3.63 

5.1U1 
6.35 
7.26 

8.16 
9.07 
11*.  51 
18.11+ 
27.22 
36.29 
1+5.36 
5I+.I+3 
63.50 
72.57 
81.65 
90.72 


poimds 


2.20 

l+.l+l 
6.61 
8.82 
11.02 
13.23 
15.1+3 
17. 61+ 
19.81 
22.05 
35.27 
Uk'09 
66.1k 
88. 14 
110.23 
132.28 

-:i+.32 
176.37 
198.1+2 

220.1+6 


kilograms 


f 

0.1+5 
0.91 
1.36 
1.81 
2.67 
2.72 
3.18 
3.63 
I+.08 
h.Sk 
7.25 
9.07 
13.61 
18.11+ 
22.68 
27.22 
31.75 
36.29 
1+0.82 
1+5.36 


f 

0.0i+ 

0.07 

0.11 
0.11+ 
0.18 
0.21 
0.25 
0.28 
0.32 
0.35 

0.56 
0.71 
1.06 
1.1+1 
1.76 
2.12 
2.17 
2.82 
3.17 
3.53 


28.1 

56.7 
85.0 
113.1+ 
11+1.8 
170.1 
198.1+ 
226.8 
255.2 
283.5 
1+53.6 
567.0 

850.5 
1131+.0 

ila7.5 
170I.0 

1981.5 
2268.0 

2551.5 
28^t^.O 


Example:    Convert  28  pounds  to  kg 

28  pounds  =  20  po\ands  +  8  pounds 

From  the  tables:  20  pounds  =  9. 07  kg  and  8  pounds  =  3.63  k« 
Therefore:    28  pounds  =  9.O7  kg  +  3.63  kg  =  12.70  kg 

a.  1  pound  =  0.1+535921+  kg  ^    ->  .  i 

b.  The  short  ton  (US)  is  2000  pounds 
o.    The  metric  ton  is  1000  k<c 

^  CP-16 


Figure  3-9.  Weight  conversion  chart. 
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A  single  term  preceded  by  a  plus  sign  can  be  transferred 
to  the  other  side  of  the  equal  sign  if  the  plus  sign  is  changed 
to  a  minus  sign.  For  example,  the  equation  x  +  2  =  8  can 
be  changed  to  read  x  =  8  ~  2  =  6, 

Rule:  You  may  subtract  the  same  quantity  from  both 
sides  of  an  equation  without  changing  the  value  of  the 
equation, 

A  single  term  preceded  by  a  minus  sign  can  be 
transferred  to  the  other  side  of  the  equal  sign  if  the  minus 
sign  is  changed  to  a  plus  sign.  For  example,  suppose  in  the 
equation  x  —  2  =  6,  you  want  to  find  the  value  of  x.  To  do 
this,  transpose  or  change  the  -2  to  the  other  side  of  the 
equation  and  change  its  —  sign  to  Therefore,  x  ~  2  == 
4-6  can  be  changed  to  x  =  6  4-  2  =  8,  Here,  all  you  have 
done  is  to  add  2  to  both  sides  of  the  equation  which  does  not 
change  the  value  of  the  equation. 

Rule:  You  may  add  the  same  quantity  to  both  sides  of  an 
equation  without  changing  the  value  of  the  equation. 

Any  member  of  an  equation  that  multiplies  all  the  other 
members  on  one  side  of  the  equal  sign  can  be  transposed  to 
the  other  side  of  the  equal  side  if  it  is  made  to  divide  all  the 
members  on  that  side.  For  example,  again  consider  the 
formula:  A  =  bh,  and  suppose  we  are  to  solve  for  h. 
According  to  this  rule,  we  can  divide  both  sides  by  b,  then 
cancel  out  the  side  with  b  in  both  numerator  and 
denominator  like  this: 


or 


2A  hh 

Now  transpose  the  b  to  the  other  side  of  the  equation,  divide 
both  sides  by  b,  and  cancel  bs  like  this; 


2A_ 
b 


bh 
b 


or 

Rule:  Both  sides  of  an  equation  can  be  multiplied  by  the 
same  quantity  without  changing  the  value  of  the  equation. 

Exercises  (035): 

1 .  What  is  a  mathematical  statement  which  expresses  the 
equality  of  two  or  more  quantities? 


2.  Write  the  Greek  letter  that  indicates  the  ratio  of  the 
circumference  of  a  circle  to  its  diameter,  and  give  its 
numerical  value. 


A  =  bh 

A  _  bh 
b  b 

Rule:  Both  sides  of  an  equation  may  be  divided  by  the 
same  quantity  without  changing  the  value  of  the  equation. 

Any  member  rhat  divides  all  the  other  members  on  one 
side  of  the  equal  sign  can  be  transposed  or  changed  to  the 
other  side  of  the  equal  sign  if  it  is  made  to  multiply  all  the 
members  on  both  sides  of  the  equal  sign.  As  an  example  of 
this  aile,  consider  the  formula  for  finding  the  area  of  a 
triangle:  A  = 

bh 
2  ' 


3,  Performing  any  of  the  four  arithmetic  functions  (add, 
subtract,  multiply,  or  divide)  to  both  sides  of  an 
equation  is  an  example  of  what  general  rule? 


4.   If  you  add  4  to  one  side  of  an  equation,  what  must  you 
do  to  the  other  side? 


5.  What  sign  divides  an  equation  into  two  parts? 


If  you  need  to  transpose  the  formula  in  order  to  solve  for  h, 
proceed  as  follows.  To  transpose  the  denominator  2, 
multiply  both  sides  of  the  equation  by  the  whole  number  2 
like  this: 


036.  Define  mensuration,  state  the  formuia  for  flnding 
the  area  of  a  triangle,  and  name  different  kinds  of 
triangles. 


A  = 


So 


So 


bh 


AX2  =  -y5-x2 


2A 


2bh 


Now  cancel 


2A  = 


2hb 


Mensuration.  The  branch  of  mathematics  that  deals 
with  lines,  angles,  surfaces,  and  solids  is  known  as 
geometry.  The  particular  branch  of  geometry  that  deals 
with  measurement  of  lines,  angles,  surfaceSv  and  solids  is 
known  as  mensuration.  In  laying  out  sheet  metalworic,  you 
will  frequently  make  use  of  lines  and  angles  in  constructing 
various  patterns  for  plane  and  solid  figures.  A  plane  figure 
is  any  part  of  a  plane  surface  bounded  by  any  number  of 
straight  or  curved  lines,  or  a  combination  of  the  two  such  as 
squares,  rectangles,  triangles,  and  circles.  Plane  figures 
have  two  dimensions — length  and  width.  Solids  such  as 
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cubes,  prisms,  cylinders,  pyramids,  spheres,  and  cones  are 
bodies  that  have  three  dimensions —  length,  width  and 
thickness. 

Lines.  A  straight  line  is  the  shortest  line  that  can  be 
drawn  between  two  points.  When  the  {Qrvn  **line"  is  used, 
it  is  understood  to  mean  a  straight  line.  \  curved  line  is  a 
line  no  part  of  which  is  straight.  A  broken  line  is  made  up  of 
a  series  of  straight  lines  or  dashes.  Parallel  lines  are  lines  in 
the  same  plane  that  will  never  meet,  regardless  of  how  far 
they  are  extended.  All  lines  are  m(;asured  in  linear  units  and 
have  only  one  dimension —  lengt!i. 

Angles.  An  angle  is  the  amount  of  opening  between  two 
intersecting  lines.  The  point  of  intersection  of  the  two  sides 
(lines),  such  as  point  B'  (pronounced  B  prime)  in  figure  3- 
10,  is  known  as  the  vertex.  Angles  are  measured  in  degrees 
(°),  which  can  be  further  subdivided  into  minutes  and 
seconds.  Point  B*  in  figure  3-10  is  the  vertex  of  two  90° 
(right)  angles.  The  sum  of  these  two  90°  angles  in  the 
straight  line  AC.  equal  to  180°. 

A  line  is  perpendicular  to  another  line  if  it  forms  an  angle 
90°  with  the  other  line.  In  figure  3-10,  BB'  is  perpendicular 
to  line  AC. 

Plane  figures,  A  plane  figure  is  any  part  of  a  plane 
surface  bounded  by  any  number  of  straight  or  curved  lines 
or  combination  of  the  two.  When  a  plane  figure  is  bounded 
by  straight  lines  only,  it  is  called  a  polygon.  Polygoiu 
include  figures  with  three,  four,  or  more  sides;  however,  it 
is  customary  to  divide  them  into  three  classes.  Those  with 
three  sides  are  triangles,  those  with  four  sides  are 
quadrilaterals,  and  those  with  more  than  four  sides  arc 
polygons.  Plane  figures  bounded  by  a  curved  line  include 
circles  and  ellipses. 

Triangles,  A  triangle  is  a  three-sided  plane  figure,  such 
as  that  shown  in  figure  3-11.  The  sides  of  a  triangle  are  the 


90" 
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Figure  3-11.  fsosccles  triangle. 


lines  which  bound  or  inclose  it,  and  the  sum  of  the  included 
angles  is  always  180'',  The  base  of  a  triangle  is  the  side 
upon  which  it  is  supposed  to  stand;  therefore,  any  side  may 
be  the  base.  The  angle  opposite  the  base  is  called  the  vertex 
angle,  which  is  the  point  opposite  to  and  farthest  firom  the 
base.  The  altitude  or  height  of  a  triangle  is  the 
perpendicular  distance  from  the  vertex  to  the  base.  In  figure 
3-1 1 ,  A  is  the  vertex  ,  ngle,  line  DC  is  the  base,  lines  AD 
and  AC  are  the  sides,  and  line  AB  is  the  altitude.  The 
triangle  illustrated  in  figure  3-11  is  an  isosceles  triangle,  in 
which  two  sides  are  equal,  as  shown  by  DAC.  Side  DA  is 
equal  to  side  AC.  The  unequal  side  (DC)  of  an  isoceles 
triangle  is  usually  called  the  base. 

A  right  triangle,  as  shown  in  figr.re  3-12,  is  a  triangle  in 
which  one  of  the  angles  is  90°,  The  side  opposite  90°  angle 
is  known  as  the  hypotenuse,  and  the  other  two  sides  are 
called  legs. 

An  acute  triangle,  as  shown  in  figure  3-12,  is  one  in 
which  each  angle  of  the  triangle  is  less  than  90°.  An  obtuse 
triangle,  as  shown  in  figure  3-12,  is  a  triangle  in  which  one 
of  the  angles  is  more  than  90°. 

To  find  the  area  of  any  triangle,  multiply  the  base  times 
the  height  and  divide  by  2, 

Example:  Find  the  area  of  a  triangle  which  has  a  base  of 
24  inches  and  an  altitude  or  height  of  12  inches. 


CPF-62 


bh 
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24  X  12 
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288 
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Figure  3-10.  Perpendicular  lines. 


A 
A 
A 

A  =  144  square  inches 
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OBTUSE  TRIANGLE 


Figure  3-12.  Triangles. 

Exercises  (036): 
1,  What  is  mensuration? 


2.  The  formula 
bh  . 

is  for  what  type  of  geometric  figure? 


3,  Name  three  kinds  of  triangles. 


037.  Identify  quadrilaterals  and  polygons  and  determine 
the  areas  of  each. 

Quadrilaterals.  We  have  already  said  that  a 
quadrilateral  is  a  plane  figure  with  four  sides.  Now,  we 
introduce  you  to  several  types  of  quadrilaterals  called 
parallelograms  that  have  parallel  and  equal  oppos'te  sides. 
In  figure  3-13,  notice  that  the  square,  rectangle,  rhomboid, 
and  rhombus  have  parallel  and  equal  opposite  sides.  The 
altitude  or  height  of  a  parallelogram  is  the  perpendicular 
distance  bt:ween  two  parallel  sides.  Notice  that  in  the 
rhomboid  and  the  rhombus,  the  altitude  or  height  is 
indicated  with  a  broken  line.  The  trapezoid  and  the 
trapezium  are  also  quadrilaterals  but  are  not  parallelograms. 


The  square,  illustrated  in  figure  3-13,  is  a  parallelogram 
with  parallel  sides  that  are  equal  and  at  right  angles  to  each 
other.  The  broken  diagonal  line  divides  the  square  into  two 
eq\ial  right  triangles.  The  altitude  or  height  of  a  square  is 
the  same  as  the  sides.  To  determine  the  area  of  a  square, 
multiply  the  length  of  one  side  by  itself 

Example:  If  one  side  of  a  square  is  i5  inches,  what  is  the 
area  of  the  square? 

A  « 

A  =  15  X  15 

A  =  225  square  inches 

The  rectangle,  illustrated  in  figure  3-13,  is  also  a 
parallelogram  with  parallel  opposite  sides,  equal  opposite 
angles,  and  equal  opposite  sides.  The  broken  diagonal  line 
divides  the  rectangle  into  two  equal  right  triangles.  To  find 
the  area  of  a  rectangle,  muldply  the  base  by  the  height. 

Example:  What  is  the  area  of  a  rectangle  that  is  8  inches 
wide  and  6  inches  high? 

A  =  bh 

A  =  8  X  6  '  ' 

A  =  48  square  inches 

The  rhomboid,  illustrated  in  figure  3-13,  is  a 
parallelogram  in  which  the  opposite  sides  are  parallel  and 
equal  and  opposite  angles  are  equal;  however,  there  are  no 
right  angles  in  the  rhomboid.  The  height  or  altitude  is  the 
perpendicular  distance  between  two  parallel  sides  as 
indicated  by  the  broken  lines.  Notice  in  the  illustration  how 
a  rhomboid  can  be  divided  into  a  rectangle  and  two  right 
triangles.  To  find  the  area  of  a  rhomboid,  multiply  the  base 
by  the  height  (A  =  bh). 

The  rhombus,  illustrated  in  figure  3-13,  is  a 
parallelogram  with  parallel  opposite  sides  that  are  equal  in 
length  and  opposite  angles  that  are  equal.  In  the  illustration, 
the  altitude  or  height  is  represented  by  the  broken  line.  To 
find  the  area  of  a  rhombus,  multiply  the  base  by  the  height 
(A  =  bh).RH 

The  trapezoid,  shown  in  figure  3-13,  is  a  quadrilateral 
with  only  two  of  the  sides  parallel;  therefore,  it  is  not  a 
parallelogram.  In  the  illustration,  the  altitude  or  height  is 
represented  by  the  broken  lines.  To  find  the  area  of  a 
trapezoid,  take  one-half  the  sum  of  the  length  of  the  parallel 
sides  and  multiply  by  the  height. 

Example:  What  is  the  area  of  a  trapezoid  that  has  a  height 
of  12  inches  and  parallel  sides  that  are  23  inches  and  30 
inches  long? 

^   (b  b')  X  h 

^  2 

(23      30)  X  12 
^  "  2 

53  X  12 


A     318  square  inches 

The  trapezium ,  illustrated  in  figure  3-13,  is  a 
quadrilateral  without  any  parallel  sides.  Notice  how  the 
broken  lines  have  divided  the  trapezium  into  four  triangles. 
To  find  the  area  of  a  trapezium  or  any  other  irregular 
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Figure  3-13.  Quadrilaterals. 
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polygon,  divide  it  by  diagonals  into  simpler  forms,  such  as 
triangles.  The  areas  of  these  parts  m?y  then  be  calculated  by 
the  rules  given,  and  the  sum  of  the  various  areas  will  be  the 
total  area  of  the  figure. 

Polygons,  Although  triangles  and  rectangles  are 
polygons,  they  are  not  commonly  called  polygons,  since  we 
usually  consider  polygons  to  be  figures  with  more  than  four 
sides.  Some  of  the  most  common  polygons  are  illustrated 
in  figure  3-14  and  include  the  pentagon  (five  sides),  the 
hexagon  (six  sides),  the  heptagon  (seven  sides),  and  the 
octagon  (eight  sides). 

Polygons  such  as  those  shown  in  figure  3-14  have  sides 
of  equal  length  and  are  called  regular  polygons.  If 
perpendicular  lines  arc  drawn  to  all  sides  of  a  regular 
polygon  at  the  middle  points,  these  perpendiculars  will 
meet  at  a  common  point  in  the  center  of  the  polygon.  In 
sheet  metalwoi'"  it  is  sometimes  necessary  to  make  a 
pattern  for  a  regular  polygon.  This  is  a  simple  process  if  you 
draw  a  circle  the  same  size  as  the  polygon,  then  draw  the 
polygon  inside  the  circle,  as  shown  in  figure  3-15, 

The  usual  way  to  construct  a  regular  polygon  inside  a 
circle  is  to  divide  the  circumference  of  the  circle  into  the 
same  number  of  equal  parts  as  the  sides  of  the  polygon.  For 
example,  in  figure  3-15,  a  hexagon  has  been  inscribed 
inside  a  circle.  Any  circle  can  be  divided  into  the  desired 
number  of  equal  parts  by  stepping  a  compass  around  the 
circumference  of  a  circle  and  adjusting  the  compass  undl  a 
distance  is  found  that  produces  the  correct  number  of  sides 
for  the  desired  polygon,  (Use  of  the  compass  is  discussed  in 
Volume  3,)  In  figure  3-15,  the  lines  forming  the  sides  of  the 
hexagon,  such  as  line  CD,  are  called  chords  of  the  circle. 
Therefore,  this  method  for  constructing  a  regular  polygon 
can  be  used  to  divide  a  circle  into  equal  parts  and  chords. 

To  save  time  in  finding  the  exact  length  of  the  chords  that 
divide  a  circle,  the  following  constants  are  furnished.  The 
distance  between  the  points  on  the  circumference  of  a  circle 
can  be  found  by  multiplying  the  diameter  of  the  circle  by 
the  constant  (k)  corresponding  to  the  number  of  sides  of  the 
desired  polygon.  To  divide  a  circle  into  equal  chords, 
multiply  the  diameter  by  the  appropriate  constant  (k)  to  find 
the  length  of  one  chord: 


PENTAGON 


OCTAGON 


HEPTAGON 


k  for  p.  pentagon  =  0,58779 
k  for  a  hexagon  =  0.500000 
k  for  a  heptagon  =  0,43388 
k  for  an  octagon  =  0,38268 

Examples:  Construct  a  hexagon,  similar  to  the  one  shown 
in  figure  3-15,  with  a  diagonal  of  3  inches.  First,  construct  a 
circle  with  a  3-inch  diameter;  then  use  the  constant  for  a 
six-sided  polygon  and  find  the  chord  length  3  X  0.50000  = 
1,50000  inches,  which  is  the  length  of  each  of  the  six 
chords^  Now,  adjust  the  compass  to  a  spread  of  IVz  inches, 
step  the  compass  around  the  circle,  and  marie  off  six 
equidistant  points.  Use  a  straight  edge  and  draw  chord  lines 
between  the  six  points.  The  resulting  figure  will  be  like  the 
one  shown  in  figure  3-15, 

A  simple  way  to  find  the  area  of  a  regular  polygon  is  to 
square  the  length  of  a  side  and  multiply  a  constant  (k) 
corresponding  to  the  number  of  sides.  The  constants  for  a 
common  polygon  are  as  follows:  k  =   1.7205  for  a 
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Figure  3-14.  Regular  polygons. 
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b.  21 -inch  (diagonal)  pentagon. 


Figure  3-15.  Hexagon  inscribed  in  a  circle. 


pentagon;  k  =  2.5981  for  a  hexagon;  k  =  3.6339  for  a 

heptagon;  and  k  =  4.8284  for  an  octagon. 

Example:  What  is  the  area  of  an  octagon  with  4-inch 
sides? 

A  =  s^k 

A  =  X  4.8284 
A  =  16  X  4.8284 
A  =  77.2544  square  inches 

To  find  the  area  of  ar*  irregular  polygon  (polygon  whose 
sides  are  not  all  equal),  it  can  generally  be  divided  by 
means  of  diagonals  into  simpler  forms,  such  as  triangles 
and  squares.  The  areas  of  these  parts  can  then  be  calculated, 
and  the  sum  of  the  various  areas  will  be  the  total  area  of  the 
irregular  polygon. 

Exercises  (037): 

1 .  A  figure  having  four  sides  is  a  


2.  Match  the  figures  in  Cvilumn  A  to  the  descriptions  in 
Column  B. 


Column  A 
Shapes 

-(1)  Rhomboid. 

-(2)  Reclangle. 

-(3)  Square. 

-(4)  Rhombus. 


Column  B 
Description 

Equal,  parallel  sides  intersecting  at  90°. 
Equal,  parallel  sides  and  equal  opposite 
angles  noi  90*^. 

Parallel,  equal  opposite  sid^s  u/iji  equal 
opposite  angles  not  90°. 
Parallel,  equal  opposite  sides  intersecting 
at  90°. 


3,  Find  the  area  (to  the  fourth  decimal  place)  of  the 
following  polygon? 

a.  6-inch  (diagonal)  heptagon. 


038,  List  the  parts  of  a  circle  and  specify  formulas  used 
to  find  the  area  of  circles. 

Circles,  A  circle  is  a  plane  figure  bounded  by  a  curved 
line  called  the  circumference .  AH  points  on  the 
circumference  arc  equidistant  from  the  center.  Figure  3-16 
illustrates  the  lines  and  parts  of  circles. 

The  circumference  of  a  circle  is  the  length  of  the  curved 
line  that  forms  the  circle;  it  may  be  referred  to  as  the 
perimeter  of  a  circle.  Generally  speaking,  the  letter  C  is 
used  to  designate  circumference  in  a  formula.  The 
circumference  of  any  circle  is  divided  into  360  equal  units 
of  measurement  called  degrees  (360'');  however,  in  sheet 
metalwork,  we  most  often  use  linear  measurements,  such  as 
inches  and  feet  and  soon,  the  meter.  When  figuring  the 
circumference  of  a  circle,  you  will  use  the  predetermined 
number  3.1416,  called  pi  (),  which  is  the  ratio  of  the 
distance  around  the  perimeter  of  the  circle  to  the  diameter 
of  the  circle.  The  circumference  of  a  circle  can  be  found  by 
multiplying  the  diameter  by  pi. 

Example:  What  is  the  circumference  of  a  circle  that  has  a 
diameter  of  5  inches? 

C«d 

C  =  3.1416  X  5 
C  *  15.7080  inches 

The  diameter  of  a  circle  is  a  line  drawn  through  the  center 
and  ended  by  the  circumference.  The  letter  d,  shown  in 
figure  3-16,  is  used  to  identify  the  diameter.  The  diameter 
of  a  circle  can  be  found  by  dividing  pi  (3,1416)  into  the 
circumference. 

Example:  What  is  the  diameter  of  a  circle  that  has  a 
circumference  of  18.8496  inches?  C  =  ird,  then: 


IT 


d  = 


18.8496 
3.1416 


d  -  6  inches 

The  rsdius  of  a  circle  is  one-half  the  diameter  (d)  or  the 
distance  from  the  center  to  a  point  on  the  circumference. 
The  letter  r,  shown  in  figure  3-16,  is  used  to  identify  the 
radius,  then; 

The  area  of  a  circle  can  be  determined  by  two  formulas. 
If  r  is  known,  square  the  radius  and  multiply  by  (A  =  irr^). 
If  d  is  known,  then  use 


A  = 


JTdi 

4 


3.1416d^ 
4 


=  0.7854d2 


or  square  the  diameter  and  multiply  by  the  number  0.7854, 
since 
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Figure  3-16.  Parts  of  a  circle. 


-V  =  0.7854. 
4 

a  constant  (k). 
Either  way  is  correct. 

Examples:  What  is  the  area  of  a  circl?  that  has  a  radius  of 
2  inches?  What  is  the  area  of  a  circle  having  a  diameter  of  4 
inches? 

A  =  TTI^ 

A  =  3.14416  X  2  X  2 

A  =  12.5664  square  inches 

A  =  41  =  d^k 
4 

A  «  X  0.7854 
A  «  16  >:  0.7854 
A  s  12  5664  square  inches 

An  arc  is  any  part  of  the  circumference  of  a  circle,  such 
as  C  and  H  in  figure  3-16.  Letters  or  numbers  may  be  used 
to  identify  various  arcs.  A  major  arc  is  larger  than  a 
semicircle,  and  a  minor  arc  is  less  than  a  semicircle. 

chord  is  a  straight  line  joining  any  two  points  on  a 
circle  of  an  arc,  as  shown  by  AB  in  figure  3-16.  Whenever 
one  chord  is  dravvn  within  a  given  circle,  it  forms  two 
arcs — a  major  arc  and  a  minor  arc. 

A  tangent  is  a  straight  line  drawn  in  such  a  manner  that  it 
touches  only  a  single  point  of  the  circumference  of  a  circle. 
Line  EF  in  figure  3-16  is  tangent  to  the  circle, 

A  sector  of  a  circle  is  the  part  bounded  by  two  radii  and 
an  arc.  In  figure  3-16,  the  letter  G  is  used  to  identify  the 
sector  of  a  circle  bounded  by  the  arc  C, 

A  segment  of  a  circle  is  that  part  which  is  bounded  by  an 
arc  and  a  chord,  connecting  the  ends  of  the  arc.  In  figure  3- 
16,  the  letter  H  identifies  a  segment. 

Exercises  (038): 

1 ,  State  two  formulas  used  to  find  the  area  of  a  circle. 


2.  What  are  the  parts  of  a  circle? 


039.  Compute  the  surface  area  and  vo!ume  of  solids  in 
given  problems. 

Solids.  A  solid  is  any  surface  or  a  series  of  surfaces  that 
incloses  a  section  of  space  such  as  a  cube,  sphere,  or 
cylinder.  All  solids  have  length,  thickness,  and  width;  and 
the  space  within  the  solid  is  called  volume.  Because  of  the 
three  dimensions  of  solids,  volume  is  identified  as  cubic 
inches,  cubic  feet,  etc.  (This  differs  from  the  plane  figures, 
studied  in  the  previous  paragraphs,  which  had  only  two 
dimensions,  and  the  space  they  contained  was  identified  as 
area  in  square  inches,  square  feet,  etc). 

Prisms.  A  prism  such  as  that  shown  in  figure  3-17  is  a 
solid  whose  ends  are  equal  parallel  polygons  and  whose 
sides  (faces)  are  parallelograms.  Rer.iember  that  polygons, 
as  well  as  parallelograms,  can  have  several  shapes. 
Therefore,  you  will  find  that  prisms  can  be  of  various 
shapes  and  still  comply  with  the  definition.  For  example, 
figure  3-17  illustrates  a  rectangular  prism.  Others  include 
triangular  prisms  whose  ends  are  triangles,  hexagonal 
prisms  whose  ends  are  hexagons,  etc. 

The  rectangular  prism  shown  in  figure  3-17  has  ends 
(basevs)  that  are  square;  however,  rectangular  prisms  may 
also  have  ends  of  other  r  ectangular  shapes  if  all  angles  are 
right  angles  and  the  opposite  surfaces  are  parallel.  To 
determine  the  volume  of  a  rectangular  prism,  simply 
multiply  the  length  tinics  the  svidth  times  the  thickness  (V 
=  Iwt).  For  exanplc,  »f  h  rectangular  prism  has  the 
dimensions  of  1  =  i.  chcs,  w  -  5  inches,  and  t  =  5 
inches,  the  volume  w.M  be  10  x  5  x  5  =  250  cubic  inches. 

The  cube  shown  i-t  figure  3-18  is  a  rectangular  prism 
whose  ends  and  faces  are  square.  Stated  in  another  way,  a 
cube  is  a  solid  object  with  all  sides  equal .  The  volume  of  a 
cube  can  be  determined  by  the  same  formula  that  you  have 
learned  for  rectangular  prisms;  however,  s*nce  all  sides  of  a 
cube  are  the  same,  the  formula  V  =  Iwt  can  be  shortened  to 
simply  V  =  s^  For  example,  if  the  length  of  one  side  of  a 
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cube  is  4  inches,  then  the  volume  can  be  computed  as  4  x  4 
X  4  =  64  inches. 

Cylinder.  A  cylinder  is  a  solid  figure  bounded  by  a 
lateral  curved  surface  v/ith  flat  ends  or  bases  equal  in  size. 
Tne  end  on  which  the  cylinder  is  shown  to  rest  in  figure  3- 
19  is  called  the  base,  and  the  distance  between  the  two  ends 
is  called  the  altitude  or  height. 

The  volume  of  a  cylinder  can  be  determined  by 
multiplying  the  area  of  the  base  times  the  height  (V  =  A^h). 
Notice  that  you  must  know  the  area  (A^)  before  solving  for 
the  volume.  In  previous  paragraphs  of  this  chapter,  you 
learned  how  to  figure  the  area  of  a  circle.  Since  the  ends  of 
a  cylinder  are  circles,  the  same  formula(s)  applies: 
therefore,  we  can  change  the  formula 

V  =  A^h  to  V  =  r^h  =  0.7854<l2h. 

Example:  Assume  that  a  cylinder  has  a  diameter  of  2 
inches  and  a  height  of  10  inches.  What  is  the  volume? 


 ^  — ^1 

Figure  3-18.  Cube. 
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V  =  kd^h 

V  =  0.7854d=h 

V  =  0.7854  X  2^  X  10 

V  =  0.7854  X  4  X  10 

V  =  31.416  cubic  inches 

V  =  0.7854  X  4  X  10  The  curved  area  of  a  cylinder  (area 
of  the  outside  surface  not  including  the  base)  can  be 
determined  by  multiplying  the  circumference  of  the  base  by 
the  height  of  the  cylinder. 

Example:  Assume  that  the  cylinder  illustrated  in  figure 
3-19  has  a  diameter  of  1  inch  and  a  height  of  10  inches. 
What  is  the  curved  area? 

A  =  Ch 

A  =  d  X  h  (C  =  TTd) 
A  =  3.1416  X  2  X  10 
A  =  62.832  square  inches 

Pyramid,  A  pyramid  is  a  solid  figure  whose  base  may  be 
a  plane  triangle,  rectangle,  or  other  polygon.  Its  sides  form 
several  triangles  with  a  common  vertex.  The  pyramid 
shown  in  figure  3-20  is  a  right  pyramid,  because  a 
perpendicular  line  from  the  vertex  to  the  base  passes 
through  the  center  of  the  base. 

The  volume  of  a  right  pyramid,  as  shown  in  figure  3-20, 
can  be  determined  by  multiplying  the  area  of  the  base  (A^,) 
by  one-third  of  its  height. 

Example:  What  is  the  volume  of  a  pyramid  that  is  18 
inches  high  and  has  a  base  1 2  inches  square? 

V  =  i/3h  X  Aj, 

V  =  1/3  X  18  X  12^ 

V  =  1/3  X  18  X  144 

V  =  864  cubic  inches 

The  surface  area  of  a  pyramid  (area  of  the  outside  surface 
not  including  the  base)  can  be  determined  by  multiplying 
the  perimeter  (P)  of  the  base  by  one-half  of  the  slant  height. 
The  slant  height  of  a  pyramid  is  the  same  as  the  altitude  of 
any  one  of  the  triangular  faces  of  the  pyramid. 
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Cone.  A  cone  is  a  solid  figure  attained  when  a  right 
triangle  is  rotated  about  one  of  its  legs.  The  leg  is 
commonly  referred  to  as  the  axis.  The  base  of  the  cone  is 
the  circle  formed  when  the  horizontal  leg  is  rotated 
completely  around  the  axis,  as  shown  in  figure  3-21. 

The  volume  of  a  cone  can  be  found  by  multiplying  the 
area  of  the  base  (Ah)  by  one-third  of  the  height. 

Example:  What  is  the  volume  of  a  cone  that  is  9  inches 
high  and  has  a  diameter  of  6  inches? 

V  =  i/3h  X 

V  =  l/3hkd2 

V  =  1/3  X  9  X  0  7854  x  dH\  =  0.7854  x  d^) 

V  =  1/3  X  9  X  0  7854  x  36 

V  =  84.8  cubic  ir>chcs 

The  curved  area  of  a  cone  (area  of  the  outside  surface  not 
including  the  base)  can  be  determined  by  multiplying  the 
circumference  of  the  base  by  one-half  the  slant  height. 

Example:  What  is  the  curved  area  of  a  cone  that  has  a 
circumference  of  16  inches  and  a  slant  height  of  10  inches? 

A  =  i/2h,  =  C 
A  =  1/2  X  10  X  16 
A  =  80  square  inches 


CPF-72 


Figure  3-19.  Cylindei. 


Example:  What  is  the  surface  area  of  a  pyramid  that  aas  a 
slant  height  of  20  inches  and  has  a  base  of  12  inches  square? 

A  =  i/2h^  X  p 

A  =  1/2  X  20  X  48 

A  =  480  square  inches 


VERTEX 
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BASE 
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AX/5 


Figure  3-20.  Pyramid. 


Figure  3-21.  Cone. 
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Sphere.  A  sphere  a  ball-shaped  solid  figure  bounded 
by  a  uniformly  curved  surface,  every  point  o*"  which  is 
equidistant  from  the  center. 

The  volume  of  a  sphere  is  the  cube  of  the  diameter 
multiplied  by  the  constant  k  or  0.5236. 


4TTr^  4 


Example:  What  is  the  volume  of  a  sphere  that  has  a 
diameter  of  2  inches? 


d^  X  0.5236 


V 
V 

V  =  2^  X  0.5236 

V  =  2x2x2x  0.5236 

V  =  4  .1888  cubic  inches 


The  surface  area  of  a  sphere  is  the  square  of  the  diameter 
multiplied  by  pi. 

A,  =  7rd2 

Example:  What  is  the  surface  area  of  a  sphere  with  a 
diameter  of  2  feet? 

A  =  d2 

A  =  3. 1416  X  2^ 

A  =  3.I4I6  X  4 

A,  =  12.5664  square  feet 


Exercises  (039): 


1 


2. 


How  many  cubic  yards  of  concrete  will  it  take  to  fill  a 
pyramid  with  a  base  of  72  inches  by  72  inches  and  a 
height  of  9  feet? 


Determine  the  outside  area  of  an  8-inch  diameter  cone 
with  a  slant  height  of  18  inches. 


3. 


What  is  the  volume  of  a  rectangular  prism  12  inches 
high,  16  inches  wide,  and  35  inches  long? 


4.  What  is  the  volume  of  a  5-inch  diameter  cylinder  that 
is  27  inches  long? 
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CHAPTER4 


Characte^B.i'.tics  of  Metals 


THE  MORE  you  know  about  metals,  the  better  you  will  be 
able  to  do  yf>ur  job.  It  is  not  enough  to  be  able  to  layowt, 
cut,  form,  weld,  and  harden  metal,  you  must  also  know 
why  these  operations  are  performed,  and  what  effect  they 
have  on  metal.  With  this  in  mind,  we  discuss  types,  uscs» 
properties  and  compositions  of  metals  as  well  as  chemical 
corrosion  methods  and  health  hazards. 

Very  few  metals  found  in  nature  arc  in  usable  form.  A 
metal  is  usually  found  in  combination  with  other  elements. 
Before  it  can  be  used,  it  must  be  refined  either  to  reduce  or 
remove  undesirable  elements  and  impurities  or  to  add 
alloying  elements  that  will  develop  desirable  properties  in 
the  metal.  The  metal  comes  out  of  the  refining  process  in  a 
molten  state;  it  must  then  be  formed  into  a  usable  shape. 

As  you  passed  through  the  food  serving  line  in  the  dining 
hall,  did  you  ever  wonder  why  the  metal  of  the  serving  line 
was  shiny  or  why  the  surface  remained  shiny?  Or  maybe 
you  have  noticed  several  buildings  with  gutters  made  of 
different  metals  and  wondered  why  they  arc  different.  You 
may  have  asked  yourself  how  the  metal  was  formed  into 
shapes  of  gutters  without  brcaking.  And  what  about  the 
internal  stress  when  metals  arc  welded.  Can  all  metals  be 
welded? 

The  information  in  this  chapter  will  help  to  answer  these 
and  other  related  questions. 

4-1.  Metals 

Selecting  the  metal  is  another  step  forward  in  preparing 
you  to  fabricate  metal  components.  To  select  the  metals, 
you  will  have  to  know  something  about  them.  Therefore, 
we  discuss  properties  of  metals,  such  as  hardness, 
toughness,  and  elasticity,  as  well  as  changing  properties. 
To  select  metals,  you  will  have  to  know  the  size,  the  finish, 
the  composition,  and  the  forming  qualities,  which  we  will 
discuss. 

Since  you  arc  assigned  to  metal  working,  you  need  to 
know  metals — their  properties,  composition,  and  forming 
qualities.  Also,  you  need  to  know  the  differences  in  metals 
so  that  you  can  select  the  correct  one  for  the  job 
requirement.  You  need  to  know  metals  that  arc  corrosion- 
resistant,  since  selecting  the  wrong  material  c'>uld  result  in 
your  having  to  do  the  job  over.  You  need  know  the 
forming  qualities  of  metals,  since  most  jobs  require  that  the 
metal  be  formed. 

040.  Specify  common  manuractuiing  process  used  for 
producing  steel,  cast  iron,  and  nonferrous  metals. 

Steel  Refining  Process.  Several  different  types  of 
furnaces  arc  used  in  steel  rcfining  processes. 


Blast  furnace.  The  first  step  in  changing  iron  ore  to  steel 
takes  place  in  the  blast  fu  nace.  Here  the  iron  is  separated 
from  most  of  the  impurities  in  the  iron  ore.  The  molten  iron 
that  is  tapped  off  is  called  pig  iron.  It  may  be  poured  into  a 
ladel  and  taken  to  other  furnaces  for  further  refining,  or  it 
may  be  cast  into  bars.  Pig  iron  contains  many  impurities 
and  has  a  high-carbon  content. 

Open-hearth  furnace.  About  90  percent  of  all  steel  made 
in  the  United  States  is  refined  in  the  open-hearth  furnace. 
Pig  iron,  scrap  iron,  and  limestone  are  put  into  the  furnace 
and  heated.  The  limestone,  as  well  as  other  materials  that 
may  be  added,  help  to  remove  impurities.  Alloying 
elements,  such  as  chromium,  nickel,  and  molybdenum, 
may  be  added.  The  molten  steel  is  tapped  off  and  poured 
into  large  rectangular  molds  where  it  solidifies  into  blocks 
ca'led  ingots, 

Bessemer  converter.  The  Bessemer  converter  is  used  to 
produce  machinery  steel  and  structural  steel.  Molten  pig 
iron  is  poured  into  the  furnace.  The  hot  air  that  is  forced 
through  the  molten  metal  bums  off  most  of  the  carbon  and 
other  impurities.  The  molten  steel  is  then  poured  into  an 
in*3ot  mold  to  harden. 

Electric  furnace.  High-grade  alloy  steel,  tool  steels,  and 
stainless  steels  arc  produced  in  the  electric  furnace. 
Selected  alloy  scrap  and  alloying  elements  arc  added  to  the 
molten  steel  in  the  furnace.  Carbon  electrodes,  positioned 
just  above  the  surface  of  the  metal,  crcate  an  arc  that  heats 
the  metal.  No  oxygen  is  necessary  in  the  electric  furnace;  in 
fact,  a  controlled  atmospherc,  which  will  not  leact  with  the 
metal,  is  used.  Alloys  are  added  to  rcmove  impurities  and  to 
produce  the  desircd  properties.  The  steel  is  then  poured  into 
ingot  molds  to  harden. 

Induction  furnace.  The  induction  furnace  is  a  type  of 
electric  furnace  used  to  produce  steel  of  uniform  quality. 
High-frcquency  alternating  current  passes  through  a  coil 
around  the  metal.  The  collapsing  action  of  the  magnetic  line 
of  force  heats  the  metal.  In  addition  to  melting  the  metal, 
the  collapsing  action  thoroughly  stirs  the  metal.  The 
furnace  is  charged  with  high-grade  solid  steel  and  high- 
grade  alloys.  After  proper  melting  and  mixing,  the  molten 
metals  are  poured  into  molds.  Some  of  the  finest  quality 
tool  steel  is  produced  in  the  induction  furnace. 

The  steel  ingots  produced  by  the  open  hearth  furnace, 
Bessemer  converter,  and  electrical  furnace  arc  rcmoved 
from  the  molds  and  placed  in  an  underground  furnace  called 
a  soaking  pit,  wherc  they  are  soaked  and  heated  uniformly 
all  the  way  through  at  »*pproximat  :\y  2200°  F, 

Manufacture  or  Cast  Iron,  ^-ast  iron  is  made  from  pig 
iron  in  a  specially  designed  furnace  called  a  cupola.  The 
furnace  is  forced  through  the  charge  to  bum  the  charcoal 
and  melt  the  pig  iron.  The  burning  charcoal  and  gases 
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remove  some  of  the  impurities  from  the  pig  iron.  The 
molten  iron  is  then  tapped  off  and  poured  into  molds  to 
harden.  Cast  iron  contains  many  impurities  and  has  a  high- 
carbon  content. 

Manufacture  of  Nonferrous  Metals.  Many  nonferrous 
metals  are  refined  by  an  electrolytic  process  in  which  an 
electric  current  separates  the  metal  from  the  ore.  The 
process  varies  in  detail  with  different  metals,  but  it  is 
essentially  as  follows: 

(1)  The  ore  of  the  metal  is  dissolved  in  an  electroyte, 

(2)  Electrodes  are  placed  in  the  solution  containing  the 
electrolyte  and  the  ore, 

(3)  The  current  is  turned  on.  This  causes  the  metal  to 
move  to  one  of  the  electrodes,  called  the  cathode.  As  the 
metal  collects,  it  is  tapped  off. 

(4)  After  the  metal  is  separated  from  its  ore,  it  may  be 
further  refined,  alloyed,  and  cast. 

Nonferrous  metals  are  often  used  in  the  cast  condition 
(permanent  mold,  sand  mold,  or  die  cast).  However,  higher 
strength  properties  are  often  obtained  by  woricing  the  me^al. 

Exercises  (040): 

1,  How  many  furnaces  must  steel  be  processed  through 
before  it  can  be  used?  Name  them. 


2.  When  molten  pig  iron  is  tapped  from  a  cupola  furnace, 
what  does  it  become? 


3,  How  is  nonferrous  metal  separated  from  its  ore? 


4,  After  steel  has  been  refined  in  an  electric  furnace  and 
ignots  are  made,  what  is  done? 


041.  Specify  the  various  means  of  shaping  metais. 

Sliaping.  The  next  step  after  refining  is  to  change  the 
metal  into  a  usable  shape.  All  methods  of  shaping  a  metal 
may  be  classified  as  either  casting  or  wrought. 

Casting.  A  casting  is  a  metal  part  that  has  been  fonned 
by  pouring  or  forcing  molten  metal  into  a  mold.  The  liquid 
metal  solidifies  into  the  shape  of  the  mold.  The  mold  is 
then  removed.  There  are  three  types  of  casting:  permanent 
mold,  sand  mold,  and  die, 

A  permanent  mold  is  used  to  form  parts  of  fairly  simple 
design.  The  mold  is  usually  made  of  metal  or  ceramic. 
After  the  molten  metal  has  hardened,  the  mold  is  removed, 
cleaned,  and  resued.  Molten  metal  haixlens  and  cools  fairly 
fast  in  a  permanent  mold.  White  cast  iron  is  formed  in  a 
permanent  mold. 


A  sand  mold  is  made  of  sand  that  has  been  packed  to  hold 
its  shape.  The  sand  is  either  formed  around  a  pattern  or  in 
sections.  The  sections  are  put  together,  and  molten  meta'  is 
poured  into  the  openings.  After  the  metal  hardens,  the  sand 
is  shaken  off  the  part.  Very  complicated  shapes  may  be 
made  by  sand  casting.  Motor  blocks  for  cars  aie  sand 
castings.  Gray  cast  iron  is  made  by  sand  casting.  The  sand 
holds  the  heat  in  and  causes  the  metal  to  cool  slowly — in 
contrast  to  a  permanent  mold,  which  causes  the  molten 
metal  to  cool  faster. 

Diecasting  is  usually  used  for  low-melting-point  metals. 
In  a  permanent  mold  and  in  a  sand  moid,  pot  metal,  zinc, 
aluminum,  and  magnesium  would  cool  and  get  hard  before 
getting  to  all  areas  of  the  mold.  The  metal  would  flow  into 
thin  sections.  In  diecasting,  the  molten  metal  is  forced  into 
the  mold  under  pressure.  This  completely  fills  the  mold 
befcie  the  metal  hardens. 

Casting  is  the  only  way  that  some  parts  can  be  formed.  It 
is  a  relatively  cheap  process.  Castings  are  usually  not  as 
strong  as  wrought  parts.  In  a  casting,  the  grains  arc  large 
and  there  may  be  inclusions  of  slag  or  impurities  that 
weaken  the  part,  ai  shown  in  figure  4-1,  Working  the  metal 
to  form  the  wrought  parts  causes  the  grains  to  become 
smaller  and  elongated,  as  shown  in  figure  4-2,  Woricing 
gives  a  grain  pattern  to  the  steel  sometimes  like  the  grains 
of  wood.  These  long  grains  help  to  strengthen  the  part.  Any 
inclusions  are  broken  up  so  that  they  will  not  be  harmful. 
During  welding,  these  long  grains  are  melted  and  recast; 
this  tends  to  reduce  the  strength  if  the  metal  is  not  properly 
heat-treated  after  welding. 

Wrought  products.  A  wrought  product  is  any  metal  that 
has  been  shaped  by  force  while  it  is  in  solid  form.  Most 
metals  can  be  shaped  by  either  hot  or  cold-forming.  In  hot- 
forming,  the  metal  is  worked  above  a  temperature  known  as 
the  critical  temperature;  in  cold-forming,  it  is  woiker?  below 
this  temperature.  Each  metal  has  its  own  critical 
temperature.  Hot-forming  softens  metal  and  leaves  it 
almost  stress-free.  Cold-forming  increases  the  strength  and 
hardness,  but  it  sets  up  stresses  in  the  metal.  In  many 
manufacturing  processes,  the  metal  is  first  hot-worked  and 
then  cold-worked  into  final  shape.  Cold-working  metal  too 
long  will  cause  it  to  fracture.  When  severe  cold-forming  is 
required,  it  is  done  in  stages;  each  stage  is  followed  oy 
annealing  to  relieve  some  of  the  internal  stresses. 
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Figure  4-1 .  Grain  structure  in  cast  steel. 
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Figure  4-4.  Forged  parts. 
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Figure  4-2.  Grain  structure  in  wrought  steel. 


Most  wrought  products  are  formed  by  one  or  more  of  the 
following  methods:  rolling,  forging,  drawing,  extruding,  or 
piercing.  All  parts  start  as  a  casting  when  the  metal  is  cast 
as  an  ingot.  The  next  step  in  hot-rolling  forms  the  ingots 
into  large  bars  or  billets.  These  bars  or  billets  are  then 
lurther  reduced  by  rolling  or  other  forming  methods,  either 
hot  or  cold , 

in  rolling,  the  metal  is  passed  between  two  rolls  to  reduce 
the  metal  a  designated  thickness.  Special  shapes  may  be 
rolled  \  rolls  made  for  this  purpose.  Figure  4-3  shows 
some  of  the  shapes  that  may  be  made  by  rolling. 

forging  is  done  by  heating  the  metal  until  it  is  plastic  and 
hammering  it  into  shape.  The  metal  may  be  forged  by  a 
huge  machine,  hammei^ed  into  a  die,  or  hammered  into 
shape  on  an  anvil.  You  may  be  required  to  forge  simple 
parts  with  a  hammer  and  anvil.  Figure  4-4  shows  some 
forged  parts. 

In  drawing,  the  part  is  formed  by  pulling  it  through  a  die 
so  that  the  part  takes  the  cross-sectional  shape  of  the  die.  A 
series  of  dies  may  be  used,  each  one  smaller  than  the  last. 
The  metal  starts  out  hot  but  cools  during  the  drawing.  The 
final  stage  of  the  process  is  cold-forming.  Wire  is  made  by 
drawing,  as  shown  in  figure  4-5. 


Extruded  parts  are  made  by  pushing  metal  through  a  die. 
The  metal  is  shaped  in  a  manner  similar  to  toothpaste  being 
forced  out  of  a  tube.  The  metal  takes  the  cross-sectional 
shape  of  the  opening.  Very  complex  shapes  may  be  made  in 
this  way.  Some  of  these  shapes  cannot  be  made  in  any  other 
way.  Aluminum,  copper,  and  magnesium  are  often 
extruded.  Long  lengths  of  seamless  tubing  are  made  by 
extrusion. 

In  piercing,  a  bar  of  hot  metals  is  rolled  lengthwi.se 
between  rolls  so  that  the  center  opens  up.  The  bar  is  then 
fed  over  a  mandrel.  The  mandrel  opens  up  the  center  to  a 
given  diameter  to  form  tubing.  This  tubing  is  then  drawn 
through  a  die  to  give  it  the  proper  size  and  smoothness. 
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Figure  4-3.  Rolled  steel  shapes. 
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Exercises  (041): 
1 ,  List  the  three  types  of  casting. 


2,  Metal  pulled  through  a  die  is  shaped  by  a  process 
known  as  what  process? 


3,  What  is  the  best  method  to  cast  an  intricate  part  of 
aluminum? 


4,  Name  the  methods  of  shaping. 


5,  What  is  a  wrought  product? 


6,  List  five  methods  of  shaping  wrought  products. 


042.  Identify  the  mechanical  properties  of  metals  and 
state  the  relationship  of  properties  of  metal  when  one 
property  has  changed. 

To  select  a  metal  for  a  job,  you  will  have  to  know 
something  about  properties  of  metals.  In  this  section,  we 
discuss  the  properties  of  metals  and  shop  methods  for 
testing  various  metals. 

Mechanical  Properties.  The  internal  reactions  of  a 
metal  to  external  forces  are  known  as  mechanical 
properties.  The  mechanical  properties  arc  directly  related 
to  each  other,  A  change  in  one  property  will  usually  cause  a 
change  in  one  or  more  additional  properties.  For  example, 
if  you  increase  the  hardness  of  a  metal,  the  brittleness 
usually  increases  and  the  toughness  usually  decreases.  We 
briefly  review  the  properties  of  metals  before  discussing 
their  composition. 

Tensile  strength.  Tensile  strength  is  the  resistance  that  a 
metal  offers  to  being  pulled  apart.  Tensile  strength 
increases  or  decreases  as  the  hardness  increased  or 
decreases.  The  tensile  strength  of  metal  is  usually  stated  in 
pounds  per  square  inch  of  cross«sectional  area. 

Ductility.  Ductility  is  the  property  of  metal  that  allows  it 
to  be  permanently  bent,  stretched,  or  formed  without 
breaking,  A  good  ductile  material  is  one  that  can  be 
permanently  deformed  without  breaking  or  cracking  and  yet 
remain  in  the  formed  stage  after  the  force  has  been 
removed,  A  material  that  is  ductile  is  also  malleable  or 
pliable.  Ductile  and  malleable  metals  can  be  thinned  by 


rolling  or  hammering;  however,  most  metals  become  hard 
when  worked,  and  the  tensile  strength  is  increased.  An 
example  of  a  metal  that  is  very  ductile  and  malleable  is 
copper. 

Hardness.  Hardness  is  the  penetration  resistance  of  a 
metal  to  an  applied  force.  The  *'hard"  also  implies  that  the 
metal  is  solid  or  firm,  A  good  example  of  a  hard  metal 
which  you  will  be  using  is  stainless  steel.  The  hardness  of  a 
metal  can  usually  be  controlled  by  heat  treatment, 

Brittleness.  Brittleness  is  the  property  of  metal  that 
allows  very  little  bending  before  breaking.  You  are  familiar 
with  how  a  piece  of  glass  will  break  when  enough  pressure 
is  applied,  A  piece  of  metal  that  is  brittle  will  act  much  the 
same  way,  A  metal  that  is  brittle  is  not  ductile,  A  good 
example  of  brittle  metal  is  cast  iron,  which  breaks  very 
easily  when  bent  or  struck  with  a  hammer.  Normally,  the 
harder  a  metal,  the  more  brittle  it  is. 

Toughness.  Toughness  is  the  ability  of  a  material  to 
absorb  sudden  shock  without  breaking.  You  have,  no 
doubt,  used  this  term  for  something  that  was  very  strong  but 
pliable.  Toughness  is  a  property  that  allows  a  metal  to  bend, 
twist,  etc,  without  tearing  or  breaking.  Usually,  the  harder 
the  material,  the  less  tough  it  is. 

Elasticity.  Elasticity  means  how  rnuch  force  of  pull, 
bend,  twist,  or  squeeze  a  piece  of  material  will  stand  and 
yet  return  to  its  original  shape.  When  a  piece  of  rubber  is 
stretched,  it  will  return  to  its  normal  shape.  And  most 
metals  will  stretch  and  return  to  their  original  shape  but  not 
as  much  as  rubber.  When  metals  are  stretched  beyond  their 
elastic  limits,  they  usually  remain  in  the  stretched 
condition.  The  elastic  limit  is  the  point  just  before  the  metal 
reaches  the  permanent  stretched  condition,  A  metal  that  is 
between  its  elastic  limit  and  breaking  point  is  in  a  stage 
called  the  yield  point.  An  example  of  this  stage  is  when  the 
metal  has  been  bent  or  changes  shape. 

Shear  strength.  Shear  strength  is  the  resistance  to  an 
action  similar  to  the  cutting  of  a  pair  of  scissors,  A  shear 
action  is  a  force  acting  in  a  manner  which  tends  to  cause  the 
particles  of  a  body  to  slide  over  each  other.  The  shear 
strength  of  steel  is  approximately  60  percent  of  the  tensile 
strenth.  Shear  strength  can  be  controlled  in  the  same 
manner  as  tensile  strenth — i,e,,  by  varying  the  hardness  of 
the  metal. 

Wear  resistance.  Wear  resistance  is  the  ability  of  a 
material  to  resist  the  cutting  or  abrasive  action,  resulting 
from  a  sliding  molion  between  two  surfaces  under  pressure, 
A  hard  material  will  usually  have  good  wear  resistance. 

Stress.  Stress  is  the  reaction  within  a  material  to  an 
externally  applied  force. 

Strain.  Strain  is  the  change  in  the  length  each  unit  of 
length  within  a  material  subjected  to  a  stress. 


Exercises  (042): 


1,  Match  the  defining  phrases  in  column  B  with  the 
correct  mechanical  properties  listed  in  column  A, 
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3. 


Column  A 


.(1)  Hardness. 
-(2)  Tensile 

strength. 
-(3)  Brittlcncss. 
.(4)  Shear 

strength. 
.(5)  Ductility, 
.(6)  Toughness. 
-(7)  Elasticity. 
-(8)  Stress. 
-(9)  Strain. 


Column  B 

a.  Breaks  before  deforming, 

b.  Ability  to  stretch, 

c.  Result  of  stress. 

d.  Fights  abrasive  action. 

e.  I>oesn't  permit  deformation, 

f .  Inner  reaction  to  force, 

g.  Resists  breaking  from  shock. 

h.  Resistance  to  stretch. 

i .  Resistance  to  cutting . 


State  the  relationship  of  properties  of  metals  when  one 
property  has  changed. 


What  are  you  testing  for  when  you  pull  (with  weight)  a 
piece  of  material  apart? 


Therefore,  all  steels  are  an  alloy  of  iron  and  carbon,  but  the 
term  ** alloy  steel**  normally  refers  to  a  steel  that  also 
contains  one  or  more  other  elements.  For  example,  if  the 
main  alloying  element  is  tungsten,  the  steel  is  a  tungsten 
steel,  tungsten  alloy.  If  there  is  no  alloying  material,  it  is  a 
carbon  steel. 

Alloy  steels  have  been  developed  to  meet  the  needs  of 
modem  industry  for  tougher,  stronger,  and  harder  steels 
than  can  be  obtained  in  simple  carbon  steels.  Alloys,  such 
as  nickel,  chromium,  tungsten,  vanadium,  manganese,  and 
molybdenum  give  distinct  properties  to  the  steel;  but,  in 
most  cases,  the  principal  qualities  are  the  increase  in 
hardness  and  toughness. 

Nonferrous  metals  are  those  composed  primarily  of 
elements  other  than  iron.  These  metals  include  a  great 
many  metals  that  are  used  mainly  for  metal  plating  or  as 
alloying  elements,  such  as  tin,  zinc,  silver,  and  gold.  We 
are  primarily  concerned  with  the  metals  used  in  the 
mafkUfacture  of  parts,  such  as  aluminum,  magnesium, 
titanium,  nickel,  copper,  and  their  alloys. 

Exercises  (043): 


What  property  does  a  metal  have  when  it  is  bent, 
twisted,  or  pulled  and  then  returns  to  its  original 
shape? 


1,  Define  the  term  ** ferrous,'* 


2,  Define  the  term  *  *  nonferrous , '  * 


5,  When  a  metal  is  brittle,  why  can't  it  also  h?ve 
ductility? 


3,  Identify  the  following  metals  as  ferrous  or  nonferrous, 
a.  Bronze. 


6.  Stainiess  steel  is  an  example  of  a  metal  with  which 
mechanical  property? 


b.  Copper. 


4-2.  Metal  identification 


c.  Gray  cast  iron. 


There  are  many  ways  in  which  we  identify  metals.  We 
identify  them  by  class,  as  ferrous  or  nonferrous,  by 
numerical  codes,  color  codes,  or  by  testing  them.  In  this 
section,  we  discuss  all  these  ways  of  identifying  metals. 


d.  Chrome-molybdenum  steels. 


043.  Give  the  meaning  of  the  ferrous  and  nonferrous 
classifications  and  identify  metals  within  each. 

All  metals  may  be  classified  as  **ferrous"  or 
** nonferrous,"  A  ferrous  metal  is  any  metal  that  contains 
iron,  A  metal  is  considered  nonferrous  if  it  contains  no  iron. 

Ferrous  metals  include  cast  iron,  steel,  and  the  various 
steel  alloys.  The  only  difference  between  cast  iron  and  steel 
is  in  the  amount  of  carbon.  Cast  iron  contains  more  than  2- 
percent  carbon,  while  steel  contains  less  than  2  percent.  An 
alloy  is  a  substance  composed  of  two  or  more  elements. 


e.  Carbon  steel. 


f.  Magnesium, 
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g.  Brass. 


4.  What  does  the  term  ''alloy  steeF'  generally  refer  to? 


044.  State  the  characteristics  of  ferrous  metals  and 
alloys. 

In  this  section,  we  help  you  identify  ferrous  metals  and 
alloys.  Each  ferrous  metal  is  explained  separately. 

Ferrous  Metals.  Ferrous  metals  are  composed  chiefly  of 
iron  and  include  pig  iron,  cast  iron,  wrought  iron,  carbon 
steel,  and  various  steel  alloys. 

Alloy  Steels.  Alloy  steels  have  elements  other  than 
carbon  added  to  improve  the  properties  of  the  base  metal. 
Some  of  the  elements  that  are  added  to  iron  include  nickel, 
chromium,  zinc,  tungsten,  and  silicon.  Generally,  alloys 
are  harder  than  the  base  metal  and  have  better  corrosion 
resistance  than  the  base  metal.  For  instance,  nickel  and 
chromium  have  good  resistance  to  corrosion. 

Carbon  Steel.  Carbon  is  added  to  metals  to  make  them 
harder  without  using  one  of  the  alloys  described  earlier.  A 
metal  having  low-carbon  content  is  ductile  and  easy  to 
bend.  Metals  having  high-carbon  content  are  hard  to  bend. 
The  properties  of  high-carbon  steel  can  be  changed  by 
annealing,  hardening,  or  tempering.  We  discuss  these  later 
in  the  section. 

Carbon  steels  are  listed  in  a  numerical  code,  according  to 
the  amount  of  carbon  they  contain.  The  numerical  code  for 
carbon  steel  is  listed  in  the  SAE  code  (Society  of 
Automotive  Engineers). 

Carbon  steels  are  listed  with  a  four-digit  number  in  the 
1000  series.  The  first  number  of  1030  steel,  identifies  the 
metal  as  a  carbon  steel.  The  second  number  identifies  the 
amount  of  alloy;  in  this  case,  none.  The  third  and  fourth 
numbers  identify  the  carbon  content  in  one-hundredths  of 
one  percent;  in  this  case,  0.30  percent  carbon.  So,  steel 
listed  with  a  number  of  1096  is  high  in  carbon,  while  1010 
is  low  in  carbon . 

Dead  soft  steel.  Dead  soft  steel,  or  wrought  iron  as  it  is 
sometimes  called,  is  a  low-carbon  steel.  It  is  commonly 
called  black  iron.  Dead  soft  steel  corrodes  quickly  and  must 
be  painted  or  coated  with  zinc  or  tin.  It  has  good  forming 
qualities  and  is  used  often  in  the  sheet  metal  shop. 

Black  iron.  Black  iron  is  a  dead  soft  steel  available  in 
sheets  of  various  sizes  and  thicknesses.  You  will  probably 
use  it  in  thick..esses  ranging  from  30  to  16  gage;  in  sheet 
widths  of  30,  36,  and  48  inches,  and  in  sheet  lengths  of  8 
and  10  feet.  Sheets  thicker  than  16  gage  can  also  be 
obtained  in  widths  of  48  inches  and  lengths  of  8  or  10  feet. 
(Gage  is  a  thickness  measurement  for  sheet  metal.  The 
thickness  gage  is  discussed  in  Volume  3.  Black  iron  can  be 
worked  cold  on  the  machines  in  the  shop  and  may  be  bent 
up  to  180°  without  breaking. 

Galvanized  iron.  Galvanized  iron  is  the  same  basic  metal 
as  black  iron,  except  that  galvanized  iron  has  a  coaling  of 


zinc  to  protect  the  base  metal  from  corrosion.  Like  black 
iron,  it  has  good  forming  qualities — and  you  will  probably 
use  it  more  than  any  other  sheet  metal.  The  bench  stock  in 
your  shop  will  probably  have  several  sheets  of  different 
gages  and  in  widths  of  36  inches  and  lengths  of  10  feet. 

Tin  plate.  Tin  plate  is  tin-coated  iron  that  has  good 
corrosion-resistant  qualities;  however,  it  is  considerably 
less  resistant  to  corrosion  than  stainless  steel  or  galvinized 
iron.  Extensive  exposure  to  corrosive  conditions  will 
require  the  tin-plated  surface  to  be  painted.  Tin  plate  has 
good  forming  qualities  and  is  available  up  to  20  inches  in 
width  and  28  inches  in  length. 

Stainless  Steels.  The  stainless  steel  that  you  will  be 
using  is  a  hard  metal,  resists  scratches  and  corrosion,  and 
will  usually  have  a  shiny  finish.  Stainless  steel  is  an  alloy  of 
iron  and  other  metals  such  as  chromium,  nickel,  and  small 
parts  of  silicon  and  manganese. 

J8'S  stainless  steel.  The  18-8  stainless  steel  is  18- 
percent  chromium  and  8-percent  nickel.  It  is  used  in  the 
sheet  metal  shop  for  jobs  that  require  a  metal  that  is 
resistant  to  corrosion.  There  are  three  types  of  18-8  stainless 
steel,  as  shown  in  figure  4-6.  Notice  the  percentages  of 
carbon,  manganese,  silicon,  chromium,  and  nickel. 

The  18-8  stainless  steel  is  used  where  resistance  to 
chemicals,  ease  of  cleaning,  and  freedom  from 
contamination  of  food  and  dairy  products  are  required.  This 
stainless  steel  is  resistant  to  organic  substances,  such  as 
fruit  and  vegetable  juices.  It  is  also  resistant  to  zinc  sulphate 
and  X-ray  developing  solutions. 

The  18-8  stainless  steel  has  good  forming  qualities. 
However,  some  springback  will  be  noticed  during  forming. 
The  machinery  in  the  shop  should  be  checked  before  cutting 
or  forming  stainless  steel,  since  the  machines  are  rated  for 
dead  soft  metals.  Types  of  18-8  stainless  steel  can  be 
obtained  in  sheet  sizes  up  to  48  inches  wide  and  144  inches 
long,  depending  upon  the  gage  thickness.  For  instance,  8  to 
1 8  gage  is  available  in  widths  of  24,  36,  or  48  inches,  and  in 
lengths  up  to  144  inches.  The  following  surface  finishes  are 
available: 


Hot  Rolled  Annealed  and  Pickled  (No.  t) 

Full  Finish  Bright  Cold  Rolled  (No.  2B) 

Full  Finish  Duil  Cold  Rolled  (No.  2D) 

Intermediate  Polish  (No.  3) 

Standard  Polish  (No.  4) 

Standard  Polish  Tampico  Brushed  (No.  6) 

Highly  Polished  {No.  7) 


Type  302  of  1 8-8  stainless  steel  can  be  joined  by  almost 
all  methods  used  in  sheet  metalworking.  It  can  be  riveted, 
spot-welded,  soldered,  or  arc-welded.  However,  when  arc 
welding  is  used  to  join  the  metal,  you  should  not  allow  the 
metal  to  be  overheated  for  long  periods.  The  18-8  stainless 
steel  resists  oxidation  if  the  metal  is  not  allowed  to 
overheat.  (You  will  learn  about  these  fastening  methods  in 
later  volumes  of  this  course).  Many  jobs  around  food 
serving  equipment  will  require  welding,  and  different  types 
of  18-8  stainless  steel  may  be  used.  During  welding,  the 
carbon  in  the  metal  precipitates,  and  the  welded  seam 
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18-8.  Stainless  Steel  Variations  and  Composition 


Type 

Maximum 
%  Carbon 

Maximum 
%  Manganese 

Maximum 
%  Silicon 

% 

Chromium 

Nickel 

302 

.15 

2.00 

1.00 

17-19 

8-10 

304 

.08 

2.00 

1.00 

18-20 

8-12 

304  L 

.03 

2.00 

1.00 

18-20 

8-12 

Figure  4-6.  Stainless  steel  variations  and  compositions. 


becomes  exposed  for  cocrosion  to  set  in.  Therefore,  you 
should  select  the  type  (302,  304,  or  304L)  with  the  lowest 
carbon  content. 

In  figure  4-6  you  can  see  that  type  304  stainless  steel  has 
a  lower  carbon  content,  and  the  chromium  and  nickel 
content  is  raised.  This  lowers  the  carbon  precipitation 
during  welding. 

You  will  also  notice  that  type  304L  is  another  variation  of 
18-8  stainless  steel.  The  carbon  content  is  lowered  to  0.03 
percent.  This  variation  is  used  when  jobs  require  that  the 
seams  be  welded  and  where  maximum  corrosion  resistance 
is  desired.  All  variations  of  18-8  stainless  steel  have  the 
same  forming  qualities  and  can  be  obtained  in  the  same 
finishes  ami  sheet  sizes.  This  completes  our  discussion  of 
stainless  steels;  however,  sine;  monel  resembles  stainless 
steel,  we  will  discuss  it  next. 

MoneL  Monel  is  an  alloy  that  is  sometimes  mistaken  for 
stainless  steel  because  it  resembles  stainless  steel  and  has 
many  of  its  characteristics.  Monel  contains  from  65-  to  68- 
percent  nickel:  about  30-percent  copper;  and  small 
quantities  of  iron,  manganese,  and  cobalt,  Monel  is  harder 
and  stronger  than  nickel  or  copper,  is  ductile,  and  has  good 
working  qualities.  Like  stainless  steel,  it  is  corrosion 
resistant  and  can  be  worked  cold;  r  is  worked,  its  tensile 
strength  is  increased. 

Exercises  (044): 


4.  What  are  galvanized  sheets  made  of? 


5.  To  bend  black  iron  180''  without  breaking  it,  how  hot 
does  it  have  to  be? 


6.  What  must  be  done  to  tin  plate  that  is  constantly 
exposed  to  the  corrosive  conditions? 


7.  Do  monel  sheets  have  good  working  qualities? 


8.  What  effect  does  carbon  have  when  added  to  ferrous 
metal? 


9.  What  is  a  characteristic  of  black  iron? 


What  dc  the  third  and  fourth  numbers  of  the  SAE  code 
for  carbon  steels  tell  you? 


2.  How  is  dead  soft  steel  protected  from  corrosive 
actions? 


10.  How  does  tin-coated  iron  compare  with  stainless  steel 
or  galvanized  iron? 


3,  What  is  the  chief  alloy  used  in  18-8  stainless  steel? 


1 1 .  List  three  characteristics  of  stainless  steel. 
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045*  Define  metal  composition,  cite  the  various  types  of 
grain  structures,  and  specify  common  chemical 
compositions* 

The  composition  of  a  metal  (the  chemical  composition 
and  the  grain  structure)  determines  the  properties  of  the 
metal,  the  properties  that  can  be  changed,  and  the  amount 
of  change  that  is  possible.  A  knowledge  of  the  composition 
of  metal  will  help  you  determine  the  type  of  metal  to  use  for 
a  specific  application  and  the  heat  treatment  required  to 
obtain  the  desired  mechanical  properties. 

Chemical*  The  chemical  composition  refers  to  the 
elements,  and  the  exact  percentage  of  each  element  in  the 
metal.  It  is  often  referred  to  as  the  che.  cal  analysis  or, 
more  simply,  as  the  analysis.  The  chemical  composition 
and  the  grain  structure  of  a  metal  determine  the  properties 
that  can  be  developed  in  the  metal.  Metal  may  be  in  the 
formof  a  pure  metal,  mechanical  mixture,  solid  solution,  or 
combination  of  a  mechanical  mixture  and  a  solid  solution. 

Pure  metal.  Pure  metals  are  rarely  used  outside  of 
laboratories.  Pure  metals  cannot  be  hardened  by  heat 
treatment  because  there  is  little  change  in  its  structure  when 
it  is  heated. 

Mechanical  mixture.  A  mechanical  mixture  can  be 
compared  to  concrete.  Just  as  the  sand  and  gravel  are  visible 
and  held  in  place  by  the  cement,  the  elements  and 
compounds  in  a  mechanical  mixture  arc  clearly  visible  and 
are  held  together  by  a  matrix  of  the  base  metal.  An  alloy  in 
the  form  of  a  mechanical  mixture  at  room  temperature  may 
change  to  a  solid  solution  or  to  a  partially  solid  solution 
when  it  is  heated.  When  it  is  cooled  to  room  temperature, 
the  alloy  may  return  to  its  original  structure,  remain  a  solid 
solution,  or  form  a  combination  of  a  solid  solution  and  a 
mechanical  mixture. 

Solid  solution.  When  two  or  more  metals  arc  absorbed, 
one  into  the  other,  they  form  a  solution.  You  arc  probably 
most  familiar  with  liquid  solutions,  but  solution  laay  also 
be  gaseous  or  solid.  When  an  alioy  is  in  tlie  fomi  of  a  solid 
solution,  the  elements  and  compounds  arc  absorbed  into 
each  other  in  much  the  same  way  that  salt  is  dissolved  in  a 
glass  of  water.  The  separate  elements  cannot  be  identified 
even  under  a  microscope.  The  solubility  of  various  metals 
often  increases  when  the  temperaturc  is  incrcased.  Thus,  a 
metal  in  the  form  of  a  mechanical  mixturc  at  room 
temperature  often  goes  into  solution  when  it  is  heated. 

When  it  is  cooled,  a  metal  may  rcmain  in  a  solid 
solution,  form  a  combination  solid  solution  and  mechanical 
mixture,  or  return  to  a  mechanical  mixturc. 

Combination  solid  solution  and  mechanical  mixture.  An 
alloy  that  consists  of  a  combination  solid  solution  and 
mechanical  mixture  at  room  temperaturc  may  change  to  a 
solid  solution  when  it  is  heated.  When  it  is  cooled,  it  may 
rcmain  a  solid  solution,  revert  to  its  original  form,  or  form  a 
complex  solution. 

Grain  Structure.  Metals  consist  of  millions  of  small 
particles  called  grains  or  crystals.  The  arrangement  of  the 
grains  is  the  grain  structurc.  The  grain  structurc,  which 
determines  the  properties  of  a  metal,  can  be  controlled  by 
the  heating  and  cooling  procedures  and  by  using  various 
temperatures. 


Types.  The  grains  assume  several  forms  as  the  metal  is 
heated  and  cooled.  We  will  briefly  discuss  the  most 
important  types  of  grain  structure  in  ferrous  metals. 

Ferrite  is  a  compound  of  iron  and  various  other  elements 
that  arc  found  in  steel.  Ferrite  is  soft  and  ductile.  Low- 
carbon  steels  contain  a  large  amount  of  ferrite. 

Pearlite  is  a  fingerprint-like  structure  consisting  of 
alternate  layers  of  iron  and  iron  carbides.  Pearlite  is 
normally  soft  and  easily  machined. 

Cementite  is  the  iron  carbide  structure  that  forms  in  steel 
that  has  a  carbon  content  of  0.80  percent  or  higher. 
Cementite  forms  a  mechanical  mixture  with  austenite  at 
room  temperaturc. 

Austenite  is  the  solution  formed  by  combining  either 
cementite  or  ferrite  will  p<?ar^'  Austenite  is  present  only 
when  steel  is  in  a  partial  or  complete  solid  solution. 
Martensite  is  the  structure  that  is  formed  when  steel 
containing  austenite  is  rapidly  quenched.  A  martensitic 
structurc  is  hard  and  brittle,  but  it  can  be  tempered  to 
produce  the  hardness  and  tensile  strength  that  is  desircd. 

Size.  When  metals  are  heated,  the  grain  boundaries 
prcvent  the  grains  from  expanding  until  the  recrystallization 
temperaturc  is  rcached.  At  that  temperature,  the  grain 
boundaries  collapse  and  small  grains  are  formed  from  the 
original  large  grains.  The  recrystallization  temperaturcs 
vary  for  different  metals  and  for  different  chemical 
compositions. 

As  the  temperature  increases  beyond  the  recrystalization 
temperaturc,  the  grain  size  continues  to  increase  until  the 
melting  point  is  reached.  The  grain  size  will  also  incrcase  if 
the  soaking  period  is  lengthened.  A  numerical  code  (1 
through  8)  is  used  to  indicate  the  grain  size  of  metal.  The 
higher  the  number,  the  finer  the  grain.  For  example,  a  NO. 
3  grain  size  consists  of  3  to  6  grains  each  square  inch,  and  a 
No.  6  grain  size  contains  24  to  48  grains  each  square  inch. 
The  grain  size  of  most  aircraft  steel  is  a  No.  5  (12  to  24 
grains  each  squarc  inch)  or  finer.  A  fine  grain  structure  is 
usually  desirable. 

Exercises  (045): 

1 .  What  is  metal  composition? 


2.  List  the  various  types  of  grain  structures. 


3.  What  effect  does  the  chemical  composition  and  grain 
structure  have  upon  a  metal? 


4.  Give  the  three  chemical  compositions  usually  found  in 
the  field. 
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5 .  What  effect  does  heat  have  upon  the  grain  size? 


6.  You  must  choose  between  two  pieces  of  metal  for  the 
same  job:  one  has  a  No.  2  grain  size  and  the  other  a 
No.  8.  Which  would  you  choose  ? 


046.    State   the    characteristics   of   aluniinum  and 
aluminum  alloys. 

In  this  s'^pf^  rnt.  \v^»  dt.scuss  nonferrous  metals  which 
have  no  iron  ;ie    vJoppcr,  aluminum,  zinc,  and  lead 

are  nonferrous  .  ^  that  you  will  probably  use  in  the 
metal  shop.  Nonferrous  metals  have  good  resistance  to 
corrosion;  the  surface  will  oxidize  or  tarnish  (change  color) 
when  exposed  to  weather  but  will  not  rust. 

Aluminum  and  Aluminum  Alloys.  Commercially  puvtt 
aluminum  is  a  white,  lustrous  metal  that  ranks  high  in  it« 
resistance  to  corrosion.  Commercially  pure  aluminum  has 
tensile  strength  of  about  13,000  psi,  but  by  rolling  or  using 
other  cold-working  processes,  its  strength  may  be 
approximately  doubled.  When  it  is  combined  with  various 
percentages  of  other  metals  (generally  copper,  manganese, 
magnesium,  and  chromium),  aluminum  alloys  are  formed. 

Aluminum  alloys  in  which  the  principal  alloying 
ingredients  are  either  manganese,  magnesium,  chromium, 
or  silicon  show  little  sign  of  attack  in  a  corrosive 
environment.  Alloys  in  which  a  substantial  percentage  of 
copper  is  used  are  more  susceptible  to  corrosive  action.  The 
total  percentage  of  alloying  elements  is  seldom  more  than  6 
or  7  percent  in  the  wrought  alloys. 

One  disadvantage  in  using  aluminum  alloys  is  the 
difficulty  of  making  reliable  soldered  joints.  Oxidation  of 
the  surface  of  the  heated  metal  prevents  soft  solder  from 
adhering  to  the  metal.  Ther:!  are  special  solders  and  fluxes 
that  may  be  used  to  se^l  iits,  or  sometimes  sealants  are 
used. 

Wrought  aluminum  and  wrought  aluminum  alloys  are 
divided  into  two  general  classes — heat  treatable  and 
nonheat  treatable  alloys.  Nonheat  treatable  alloys  are  those 
in  which  the  mechanical  properties  are  determined  by  the 
amount  of  cold- work  introduced  after  the  final  annealing 
operation.  The  mechanical  properties  obtained  by  cold- 
working  are  destroyed  by  any  subsequent  heating  and 
cannot  be  restored  except  by  additional  cold- working, 
which  is  not  always  possible.  The  ''full-hard"  temper  is 
produced  by  the  maximum  amount  of  cold-work  that  is 
practical. 

Wrought  aluminum  and  wrought  aluminum  alloys  are 
designated  by  a  four-digit  index  and  are  shown  in  figure  4- 
7.  The  system  is  broken  into  three  distinct  alloy  groups: 
Ixxx,  2xxx  through  8xxx  and  9xxx  (which  is,  at  present, 
unused).  In  the  Ixxx  group,  the  first  number  indicates  that 
the  alloy  contains  at  least  99-percent  pure  aluminum.  The 
second  digit  of  the  group  indicates  controls  over  the 
impurities  contained  in  the  alloy.  Should  the  second 
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Aluminum--99.00X  mmJmum  and  grsofer  >x:.t 

Aluminum  Alloys.  Groupwi  by  Wajo'  Ailoving  Fl«9r^«fit 

Copper  "ir.-.x 

Silicon  4xxx 

M«gn«sium  and  Silicon  6kxv 

Zinc  7u.tx 


CP  <x 

Figure  4-7.  Aluminum  alloy  groups. 

number  be  zero,  it  would  indicate  no  special  contro)  over 
individual  impurities;.  Dig^**  1  th-  M^h  9,  however,  when 
assigned  consecutively  v  the  second  number  in 

this  group,  indicate  lha  number  of  controls  over 

individual  impurities  in  the  metal. 

The  last  two  digits  in  the  Ixxx  group  are  used  to  indicate 
the  hundredths  of  1  percent  above  the  original  99  percent 
designated  by  the  first  digit.  Thus,  if  the  last  two  digits  are 
30,  the  alloy  would  contain  99  percent  plus  0.30  percent  of 
pure  aluminum,  or  a  total  of  99.30-percent  pure  aluminum. 
Examples  of  alloys  in  this  group  are: 

•  1  lOQ— 99.00-percent  pure  aluminum  with  one  control 
over  individual  impurities. 

*  1 130 — 99.30-percent  pure  aluminum  with  one  control 
over  individual  impurities. 

In  the  2xxx  through  8xxx  groups,  the  first  digit  indicates 
the  major  alloying  element  used  in  the  formation  of  the 
alloy,  as  shown  in  figure  4-7. 

In  the  wrought  aluniinum  form,  commercially  pure 
aluminum  is  known  as  1 100.  It  has  a  high  degree  of 
resistance  to  corrosion  and  is  easily  formed  into  intricate 
shapes.  Like  other  metals,  aluminum  becomes  stronger  and 
harder  as  it  is  rolled,  formed,  or  otherwise  cold- worked. 
Since  the  hardness  depends  upon  the  amount  of  cold-work 
done,  1100  and  wrought  aluminum  allcvs  are  available  in 
several  strain-hardened  tempers.  Tte  soft  or  annealed 
condition  is  designated  0,  and  the  fu'  ^ard  is  designated 
HI 8,  with  intermediate  tempers  frc%.^.  H12  to  HI 6.  The 
aluminums  you  will  use  are  HOC  and  3003,  which  we  will 
discuss  in  the  following  paragraphs. 

JJOO  aluminum.  The  1 100  aluminum  is  99-percent  pure 
and  has  a  tensile  strength  of  13,000  psi  in  the  annealed 
condition.  The  1100-H16  aluminum  has  a  tensile  strength 
of  20,000  psi  and  is  used  often  for  the  fabrication  of  duct 
work,  since  the  same  tools  that  are  used  for  galvanized  iron 
can  be  used,  ^ome  metalworkers  prefer  1 100-H12  that  has 
a  tensile  strength  of  15,500  psi,  or  1100-H14  that  has  a 
tensile  strength  of  17,500  psi,  for  duct  fabrication.  These 
three  alloys  have  good  forming  qualities. 

3003  aluminum.  The  3003  aluminum  is  used  often  in  the 
fabrication  of  ducts.  In  the  annealed  condition,  it  has  a 
tensile  strength  of  16,000  psi.  The  3003-H14  (half-hard), 
which  has  a  tensile  strength  of  21,500  psi,  and  3003-H16, 
which  has  a  tensile  strength  of  25,000  psi,  are  used  when 
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extra  strength  is  required.  These  two  3003  types  do  not  have 
the  fonning  qualities  of  1100~Hl4  and  1 100-H16,  and  the 
joining  method  to  be  used  should  be  considered  when 
choosing  the  type.  Alloys  UGO-HIS  and  3003-H18 
(full-hard)  are  good  for  jobs  that  do  not  require  forming. 
Many  shops  use  these  types  for  signs,  since  aluminum 
resists  corrosion  much  belter  than  galvanized  iron. 

Aluminum  is  much  lighter  than  black  iron  o?*  galvanized 
iron  and  has  replaced  them  for  many  jobs  where  weight  is 
concerned.  Your  shop  will  probably  stock  a  few  sheets  of 
aluminum  in  the  1 100  or  3003  types,  which  are  usually  30, 
36,  or  48  inches  wide;  8  or  10  feet  long;  and  in  various 
thicknesses.  The  thickness  of  aluminum  sheets  is  measured 
in  decimals  rather  than  gage.  Here  are  some  examples  of 
the  comparison  of  gage  and  decimal  equivalents:  16  gage  is 
0,050,  20  gage  is  0,032,  24  gage  is  0,020,  and  26  gage  is 
0,015,  These  are  a  few  of  the  popular  thicknesses  that  you 
will  probably  use  from  time  to  time, 

A  guide  to  bending  aluminum  may  be  found  in  figure  4- 
8,  The  type  of  alloy  is  listed  in  the  left  column,  and  the  bend 
radius  is  listed  to  the  right  under  the  thickness  columns.  As 
you  can  see,  only  a  few  thicknesses  are  listed,  as  this  is  a 
guide.  The  bending  radii  are  identified  SiS  numbers  from  0  to 
6,  This  means  to  allow  for  that  number  times  the  thickness 
of  the  material.  The  far  right  column  identifies  alloys 
recommended  as  weldable. 

Exercises  (046): 

1,  In  its  pure  state,  aluminum  has  a  tensile  strength  of 
13,000  psi.  How  is  the  tensile  strength  increased? 


2,  What  is  the  recommended  setback  for  the  bend  radii 
for  a  1/4-inch  sheet  of  6041  T4  aluminum? 


3,  What  is  one  disadvantage  in  using  aluminum  alloys? 


4,  What  are  the  two  classes  of  wrought  aluminum? 


5,  How   does  aluminum  compare   to  black   iron  or 
galvanized  iron? 


6,  What  is  the  alloy  in  aluminum  coded  5250? 


What  is  the  alloy  in  aluminum  coded  3003? 


8,  What  determines  the  mechanical  properties  of  nonheat 
treatable  aluminum  alloys? 


047.  Interpret  the  metal  identification  codes  and  cite 
their  parts  and  uses. 

Numerical  Codes.  The  terms  ''steel"  and  ''aluminum" 
are  general  in  meaning  There  are  many  different  types  of 
steel  and  aluminum.  They  vary  greatly  in  their  chemical 
composition  and  physical  properties.  This  is  true  of  all 
metals.  Every  piece  of  metal  is  manufactured  to  meet 
certain  specifications.  Since  it  is  not  possible  to  mark  all  of 
this  data  on  each  individual  piece  of  metal,  it  is  represented 
by  a  specification  number.  The  ideal  situation  is  to  have  the 
specification  number  marked  on  each  piece  of  metal  in  the 
metal  racks  in  the  shop.  When  this  is  not  possible,  each 
piece  should  be  either  tagged  or  color  coded. 

Unfortunately,  there  is  no  single,  unified  numerical  code 
for  metals.  Each  manufacturer  ha^  his  own  code  or 
specification  number  system.  This  is  confusing,  since  there 
is  r:o  uniformity  among  manufacturers.  In  an  attempt  to 
correct  this  sitiTir*ion,  several  agencies  of  the  metals 
industry  and  th^f  Federal  Government  have  developed 
specification  number  systems.  As  a  result,  you  may  find 
any  one  of  seven  different  specification  code  numbers 
stamped  on  a  piece  of  metal  or  written  on  an  identification 
lag.  Five  of  the  seven  codes  cover  both  ferrous  and 
nonferrous  metals.  The  Aluminum  Association  code  is 
restricted  to  aluminum.  The  American  Iron  and  Steel 
Institute  code  is  restricted  to  ferrous  metals, 

SAE  code.  Perhaps,  the  best  known  numerical  code  is 
the  Society  of  Automotive  Engineers  (SAE)  code.  This 
organization  pioneered  in  developing  a  uniform  code  for  the 
metals  industry,  based  on  chemical  analysis,  SAE 
specifications  are  rather  broad  and  are  not  complete 
procurement  specifications;  however,  they  cover  the  basic 
industrial  metals,  SAE  specification  numbers  are  now  used 
less  widely  than  in  the  past;  however,  the  SAE  numerical 
code  is  the  basic  code  for  ferrous  metals.  It  is  especially 
useful  in  identifying  metals,  such  as  steels,  by  chemical 
composition.  You  will  often  hear  welders  talk  about  1030, 
1080,  or  5120  steel.  These  are  SAE  numbers.  They  have 
meaning,  not  so  much  as  particular  specification  numbers, 
but  in  terms  of  carbon  content  (low,  medium,  or  high)  or  in 
terms  of  nickel  steel,  chromium  steel,  etc,  SAE 
specifications  are  nearly  always  restricted  to  chemical 
composition. 

The  SAE  system  is  based  on  the  use  of  four-  or  fiv  digit 
numbers.  The  first  number  indicates  the  type  of  steel;  for 
example,  1  indicates  a  carbon  steel,  2  nickel  steel,  etc.  In 
the  case  of  alloy  steels,  the  second  number — and  sometimes 
the  third — usually  indicates  the  approximate  percentage  of 
the  principal  alloying  element.  The  final  two  numbers — 
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Figure  4-8.  Required  setback  for  90°  bend. 
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sometimes  three — indicate  the  approximate  carbon  content 
in  one-hundredth  of  1  percent  (0.01  percent).  The  SAE 
series  numbers  are  given  in  figure  4-9.  The  following 
examples  will  help  you  understand  this  system. 


SAE- 1045 

1  Type  of  steel  (carbon). 

0  Percent  of  alloy  (none). 

45  Carbon  content  (0.45  percent). 

SAE-2330 

2  Type  of  steel  (nicklc). 

3  Percent  of  alloy  (3-percent  nickle). 

30  Carbon  content  (0.30  percent). 

SAE-71650 

7  Type  of  steel  (tungsten). 

16  Percent  of  alloy  (16-percent  tungsten). 

"^0  Carbon  content  (0.50  percent). 

SAE-50100 

1  Type  of  steel  (chromium). 

0  Percent  of  alloy  (less  than  1 -percent  chromium). 

100  Carbon  content  (1 -percent). 


AISI  code.  The  American  Iron  and  Steel  Institute 
numerical  code  (AISI)  is  essentially  the  same  as  the  SAE 
code.  For  example,  SAE~1030  and  AISI-C1030  are  carbon 
steels  of  identical  chemical  composition.  The  two 
organizations  have  worked  together  in  the  past  in  expanding 
the  SAE  code  to  cover  a  greater  number  of  specifications 
for  ferrous  metals.  One  difference  between  the  two  codes  is 
that  the  prefix  of  an  AISI  number  indicates  the  process  used 
in  the  manufacture  of  the  metal.  The  C  in  AISI-C1030 
indicates  that  the  steel  is  a  basic  open-hearth  carbon  steel. 

AMS  code.  The  aeronautics  division  of  the  SAE 
Standards  Committee  has  developed  the  Aeronautical 
Material  Specifications  (AMS)  code.  These  specifications 
are  complete  procurement  specifications  for  materials  used 
in  the  manufacture  of  aircraft,  aircraft  engines,  propellers, 
and  other  aircraft  accessories.  The  chemical  and  physical 
composition  of  AMS  metals  are  coordinated  as  closely  as 
possible  with  SAE  general  standards  for  similar  metals.  An 
example  of  an  AMS  number  is  AMS-5054B.  The 
specification  numbers  indicate  many  detail  requirements  in 
addition  to  the  chemical  analysis  of  the  material.  Revised  or 
amended  specifications  are  indicated  by  letter  suffixes: 
e.g. ,  AMS-5054B  is  the  second  revision  of  AMS-5045. 

ASTM  code.  The  American  Society  for  Testing  Materials 
numerical  code  (ASTM)  has  much  in  common  with  the 
Auj.  ^3ui   al  Materials  Specification  code.  The  ASTM 
^      ^  ^^1.      a.  <t  a^>u  complete  procurement  specifications 
a^s'  detailed  requiretnents  in  addition  to 

ii  of  the  .vuterials  For  example, 
.-..ylM  specification  number  in  which  the  A 
denoics  ferrous  material.  The  5  in  A5  is  the  serial  number 
for  high-carbon  steel  joint  bars,  and  the  55  following  the 
dash  indicates  that  the  specification  was  adopted  or  last 
revised  in  1955.  A  **T"  suffix  would  indicate  that  the 
specification  is  tentative. 

Federal  specification  numerical  code.  The  federal 
specification  numerical  code  was  developed  to  aid  in  the 
procurement  of  supplies  used  by  the  departments  and 
independent  agencies  of  the  Federal  Government.  Each 
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specification  number  is  divided  into  three  elements:  (1)  the 
group  of  materials  or  supplies  to  which  the  specification 
relates;  (2)  the  initial  letter  of  the  title  of  the  material;  and 
(3)  a  serial  number  determined  by  the  alphabetical  location 
of  the  file.  Two  groups  in  this  numerical  code  are  QQ. 
metals;  and  WW,  pipe,  pipe  fittings,  tubes,  and  tubing 
(metallic).  For  example,  the  federal  specification  number  of 
corrosion  resistant  steel,  bars  and  forgings  (except  for 
reforging)  is  QQ\nS763a  (\nl).  The  small  letter  suffix  '"a" 
indicates  the  first  division  of  QChS~763a.  Each  division 
completely  supersedes  the  earlier  issues  and  all 
amendments  thereto.  Federal  specifications  are  complete 
procurement  specifications  and  have  many  detail 
requirements  in  addition  to  the  chemical  analysis  of  the 
material. 

MIL  and  JAN  code.  The  Department  of  Defense  has 
developed  a  numerical  code  which  consists  of  two  series: 
military  specifications  (MIL)  and  Joint  Army-Navy 
specifications  (JAN).  They  can  be  used  as  procurement 
specifications  and  may  have  other  detail  requirements  in 
addition  to  those  of  chemical  composition. 

We  have  discussed  seven  different  numerical  codes  or 
specification  number  systems.  The  Department  of  Defense 
has  developed  a  master  code  which  ties  all  of  these  codes  or 
systems  together.  It  is  explained  in  Military  Handbook 
HIB,  Cross-Index  of  Chemically  Equivalent  Specifications 
and  Identification  Codes  (Ferrous  and  Nonferrous  Alloys). 
The  master  code  groups  materials  of  similar  chemical 
composition  which  may  be  represented  by  one  or  more 
specifications.  The  five-digit  code  numbers  cover  both 
ferrous  and  nonferrous  alloys  but  are  not  specification 
numbers  and  cannot  be  used  to  procure  materials.  This 
identification  code  is  extremely  valuable  because  it 
provides  a  reference  for  comparing  the  material 
composition  of  various  specifications.  Steel  code  numbers 
correspond  closely  to  SAE-AISl  specification  numbers, 
except  that  a  zero  is  placed  in  front  of  the  standard 
SAE-AISI  designations.  For  example,  the  corresponding 
code  number  of  SAE-1070  and  AISI-C1070  is  01070.  If 
you  should  look  at  a  page  from  a  chart  on  chemical  analysis 
of  specifications,  you  would  find  a  group  of  SAE,  AISI, 
ASTM,  AMS,  DOD,  and  federal  specifications  for  steels 
with  similar  chemical  compositions.  The  chemical  content 
(percent  by  weight)  listed  provides  a  basis  for  comparison. 
HIB  should  be  in  your  technical  order  file.  It  will  help  you 
to  find  answers  to  many  questions  regarding  the  chemical 
composition,  identification,  selection,  and  procurement  of 
metals. 

^'Xerciscv  f<  : 
i .   What  does  the  number  75  mean  in  SAE  number  1075? 


2.   Give  the  AISI  number  for  1040  carbon  steel. 


lOJ 


TYPE  OF  STEEL 

SAE  NUMBERS 

Carbon  Steels 

 ^  

IXXX 

Plain  Carbon 

lOXX 

Free  Cutting,  Manganese 

X13XX 

Free  Cutting.  Screw  Stock 

IIXX 

High  Manganese 

T13XX 

Nickel  Steels 

2XXX 

.  50%  Nickel 

20XX 

1.  50%  Nickel 

21XX 

3.  50%  Nickel 

23XX 

5.  00%  Nickel 

25XX 

Nickel- Chromium  Steels 

3XXX 

1.  25%  Nickel  :    .  60%  Chromium 

31XX 

1.  75%  Nickel  :  I.  00%  Chromium 

32XX 

3.  50%  Nickel  :  1.  50%  Chromium 

33XX 

3.  00%  Nickel  :    .  80%  Chromium 

34XX 

Corrosion  and  Heat  Resisting 

30XXX 

Molybdenum  Steels 

4XXX 

Chromium-  Molybdenum 

41XX 

Chromium-  Nickel-  Molybdenum 

43XX 

Nickel  Molybdenum 

46XX  &  48XX 

Chromium  Steels 

5  XXX 

.  60%  to  1.10%  Chromium 

51XX 

1.2%    to  1.5%  Chromitun 

52XXX 

Corrosion  and  Heat  Resistant 

51XXX 

Chromium- Vanadium  Steels 

6XXX 

Tungsten  Steels 

7XXXX  7XXX 

Silicon- Manganese  Steels 

9XXX 

CP- 1 2 


Figure  4-9.  SAE  numbering  system. 
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3,  What  is  the  AMS  code  used  for? 


4,  Give  the  third  revised  specification  number  for -5095, 


5,  Explain  the  nur  '  .ag  and  breakdown  for  SAE 

9235, 


6,  What   identification   codes   are  designed   for  the 
Department  of  I>cfense  use? 


7,  What  handbook  shows  the  relationship  of  all  the 
various  metal  identification  codes? 


048.  Identify  metals  by  shop  tests  and  cite  steps  in  tests. 

Shop  There  are  several  methods  of  identifying  unknown 
metals;  however,  you  cannot  use  any  of  these  methods  to 
accurately  determine  die  chemical  composition  of  a  metal. 
You  can  determine,  however,  whether  a  metal  is  ferrous  or 
nonferrous  and  whether  steel  has  a  low-  or  high-carbon 
content.  The  methods  of  shop  identification  that  we  discuss 
are  the  spark,  flame,  heat  and  quench,  and  chemical  tests. 

Spark  test.  In  the  spaiic  test,  you  hold  a  piece  of  metal 
against  a  grinding  wheel.  Ferrous  metals  will  spatic; 
nonferrous  metals  will  not  usually  spaiic.  Some  nonferrous 
metals,  such  as  titanium,  nickel,  and  tungsten,  will  spark 
slightly.  You  can  achieve  fair  results  in  spark  teslK^  in 
determining  the  amov  f  carbofi  iz  stce'  ^nd  the  alloy ii^jt 
dements  in  %  and       pattezi  of  the 

;<{\34H:  ^f^^vr^  vary  v/{,  ^^Iwn  content  and  with  the  alloy. 
3p..  .    ms  its  limitations,  however,  since  several 

steels  -iave  sx^nilar  spark  streams.  The  best  way  to  identify 
an  unknown  steel  is  to  compan?  its  spark  stream  with  the 
spark  stream  of  a  known  sample  of  steel. 

Flame  test.  The  flame  test  also  has  its  limitations. 
However,  you  can  use  it  in  certain  situations.  For  example, 
to  determine  whether  a  metal  is  an  aluminum  alloy  or 
magnesium  alloy,  cut  a  small  chip  ftx)m  the  metal  and  heat 
it  with  an  acetylene  torch.  Aluminum  alloy  will  melt  and 
form  a  ball  of  molten  metal,  Mag  asium  alloy  will  ignite, 
bum  with  a  brill  ant  white  light,  give  off  white  smoke,  and 
leave  a  white  ash. 

Heat  and  quench  test.  You  use  the  heat  and  quench  test 
to  indicate  the  carbon  content  or  the  degree  of  hardness  of  a 
metal.  Heat  sample  pieces  of  the  metal  to  various 
temperatures  above  the  critical  range  and  quench  them  in 
different  cooling  media.  Then,  check  the  hardness  of  each 
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sample.  Hardness  increases  as  the  carbon  content  increases. 
Usually,  a  carbon  content  of  0.50  percent  or  more  is 
necessary  for  a  piece  to  be  hard  enough  so  that  a  file  will  not 
cut  it.  Usually,  a  carbon  content  of  0.80  percent  is 
necessary  to  produce  a  maximum  hardness  56, 

You  can  use  the  tube  test  to  distinguish  lo .  on  steel 
tubing  from  low-alloy  steel  tubing.  Heat  a  1  to  2  inch  length 
of  tubing  to  a  bright-red  color  and  quench  it  in  water.  Place 
the  piece  of  tubing  in  a  vise  and  apply  pressure.  Low- 
carbon  steel  tubing  will  deform  or  bend  before  breaking. 
Low-alloy  steel  tubing  will  break  easily  before  deforming. 

Chemical  test.  You  can  use  chemical  tests  for  various 
purposes.  For  example,  you  can  use  the  caustic  soda  test  to 
determine  whether  aluminum  is  weldable  or  nonweldable. 
Submerge  the  edge  of  a  test  sample  in  a  10-percent  caustic 
soda  test  solution  and  allow  it  to  stand  for  a  few  minutes. 
Test  the  edge  of  the  sample,  since  the  sample  might  be  clad, 
and,  thus,  give  an  incorrect  indication.  The  caustic  soda 
solution  will  clean  weldable  aluminum  and  make  it  bright 
and  shiny.  Nonweldable  aluminum  alloy  will  turn  black.  A 
piece  of  nonweldable  clad  aluminum  will  come  out  shiny 
on  the  surface  and  black  on  the  edge. 

You  can  use  the  cupric  chloride  acid  test  to  distinguish 
between  nickel-base  alloys  (inconel)  and  iron-base  alloys 
(18-8  stainless  steel).  The  test  solution  consists  of  10  grams 
of  cupric  chloride  dissolved  in  lOOcc  of  hydrochloric  acid 
(You  can  use  cupric  sulphate  instead  of  cupric  chloride,) 
Clean  the  metal  thoroughly  with  emery  paper;  then  place 
one  drop  of  the  acid  test  solution  on  the  metal  and  allow  it  to 
remain  there  for  2  minutes.  A  green  color  will  appear. 
Slowly  add  4  drops  of  water  to  the  acid  on  the  metal  until 
the  green  color  disappears.  Rinse  and  dry  the  sample.  The 
acid  solution  will  leave  a  small  copper  spot  on  steel  or 
stainless  steel.  It  will  leave  a  bright  shiny  spot  on  nickel- 
base  alloys,  such  as  inconel  or  monel. 

The  application  of  a  drop  or  two  of  nitric  acid  will  enable 
you  to  distinguish  between  stainless  steel  and  hardened 
carbon  or  alloy  steels.  Nitric  acid  attack*?  h-^rH.  ..-^a  v 
very  rapidly;  it  attacks  stainless  steel  ver\ 


Exercises  (048): 
1 .  List  the  four  shop  tests  tha  are  used  to  identify  metals. 


2.  What  type  of  test  is  the  best  method  of  distinguishing 
aluminum  from  magnesium? 


3.  How  can  aluminum  be  identified  as  weldable  or 
nonweldable? 
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4    Which  test  would  you  use  to  indicate  the  degree  of 
hardness? 


5.  What  metals  can  be  distinguished  using  nitric  acid? 
How? 


6.  What  should  you  have  to  identify  unknown  steel  using 
the  spark  test? 


049.  Given  SAE,  AISI,  and  AA  numbers,  determine 
location  and  type  of  marking. 

Marking.  When  a  piece  of  metal  stock  is  received  in  the 
shop,  it  is  usually  identified  by  a  specification  number,  or 
by  a  national  stock  number.  If  it  is  not  identified,  you  must 
mark  it  in  accordance  with  Technical  Order  42D-1-3. 
There  are  three  approved  methods.  Ii  order  of  preference 
they  are:  stenciling,  color  coding,  and  stamping. 

Stenciling.  White  or  black  paint,  whichever  shows  up 
better  on  the  metal,  should  be  used  when  the  size  of  the 
metal  permits.  The  national  or  military  specification 
number  should  be  stenciled  on  the  metal  in  vertically  and 
horizontally  aligned  rows.  The  distance  between  the 
vertical  rows  should  not  exceed  36  inches,  and  the  distance 
between  the  horizontal  rows  should  not  exceed  10  inches. 

Air  Force  color  coding.  For  ease  in  identifying  metals  in 
storage,  the  material  designation  numbers  are  represented 
by  stripes  of  paint  at  each  end  of  the  stock.  The  stripes  are 
parallel  and  of  equal  width,  1/2  to  3/4  inch  wide,  and  placed 
side  by  side  and  in  sequence.  When  they  are  read  from 
either  end  of  the  bar  toward  the  center,  the  material 
designation  numbers  are  shown  in  proper  order.  A  space  is 
left  between  stripes  of  the  same  color  appearing  side  by 
side.  This  space  is  1/4  inch  or  less  in  width.  Ten  colors  are 
used  to  represent  the  various  numbers  and  letters;  they  are 
shown  in  figure  4-10.  Figure  4-1 1  shows  the  color  coding 
for  SAE-1045  steel  and  figure  4-12  for  AA-2025-T6 
aluminum.   Note  that,  if  they  are  read  from  either  end 
toward  the  center,  the  numbers  are  in  correct  sequence. 
Note  also  that  the  temper  designation  colors  are  separated 
from  the  number  designation  colors  by  3/4  inch.  Two  colors 
have  been  added  recently  to  the  color  code.  Aeronautical 
material  specification  and  military  specification  metals  of 
aircraft  quality  each  require  an  additional  stripe  to  indicate 
the  condition  of  the  quality  of  the  metal.  Gold  is  used  to 
represent  the  letter  Q  and  indicajgjr^aircraft  quality.  The 
commerical  designation,  American  Iron  and  Steel  Institute 
(AISI),  Society  of  Automotive  Engineers  (SAE),  and 
Aluminum  Association  (AA)  numbers  arc  used  as  the 
designation  numbers. 

Stamping.  Stamping  the  specification  number  into  the 
metal  is  permitted  only  when  it  is  impossible  to  use  the 
stencil  or  color-code  methods.  It  is  usually  necessary  lo  cut 
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Figure  4-10.  Color  code  identification. 


or  eliminate  the  marked  portion  out  of  the  metal  before 
using  the  material  for  work  stock;  therefore,  the  marking 
should  be  located  where  waste  will  be  held  to  a  minimum. 
Gothic  style  numerals  and  letters  should  be  used;  the  height 
may  be  1/16  inch,  1/8  inch,  or  1/4  inch,  depending  upon  the 
size  of  the  material  being  marked. 

Exercises  (049): 

I.  If  you  were  given  a  piece  of  SAE-1080  carbon  steel 
2-inch  round  stock  and  had  to  stamp  it  with  ^  '^ 
numerals,  where  would  you  stamp  it:  along  Uic  length 
or  across  the  diameter? 


2.  What    is    the    preferred    method    of  identifying 
AA-204-T6  sheet? 


3.  Give  the  applicable  color  code  or  SAE,  AISI,  or  AA 
number  for  the  following: 

a.  SAE-7015. 


b.  Blue,  blue,  black,  black,  (aluminum). 


c.  AISI-C1065. 
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Figure  4-1 1.  Color  code  for  SAE- 1045  steel. 


e.  Green,   black,  green,  yellow,   space,  silver, 
aluminum. 


f.  Maroon,  blue,  red,  orange,  black,  space,  gold, 
SAE, 


050.  State  the  composition  of  brass,  the  uses  of  lead  and 
zinc,  a^id  properties  of  each. 

Copper  and  Copper  Alloys.  Copper  is  very  malleable 
and  is  easily  worked.  As  it  is  worked,  it  becomes  hard 
(work  hardened)  but  can  be  softened  by  annealing,  a 
process  that  we  will  discuss  later  in  this  section.  Its 
thickness  is  referred  to  as  weight  in  ounces  per  square  foot. 


In  figure  4-13,  you  can  see  the  gage  and  decimal 
equivalents,  ounces  per  square  foot,  and  sizes  of  various 
copper  sheets.  Some  of  the  popular  sizes  that  are  used  in 
sheet  metal  shops  are  included.  Copper  resists  corrosion 
and  is  used  where  long  life  of  the  metal  is  required.  Copper 
is  often  added  to  other  metals  to  increase  the  corrosion 
resistance  of  the  metal.  Copper  holds  heal  well;  you  have 
probably  noticed  that  the  soldeung  coppers  (irons)  in  the 
shop  arc  made  of  copper.  Copper  is  expensive,  and 
consideration  should  be  given  to  the  job  befcrc  deciding  to 
use  it. 

Brass.  Brass  is  an  alloy  of  copper  and  one  of  the  most 
widely  used  copper  alloys.  Brass  is  resistant  to  corrosion, 
since  it  is  usually  composed  of  50-percent  copper  and  32-  to 
50-percent  zinc.  It  has  a  bright-yellow  color  and  is  easily 
formed;  it  is  available  in  sheets  of  various  sizes  and 
thicknesses.  The  thickness  is  measured  in  gage  rather  than 
weight.  Brass  is  soft  and  can  be  cold-woiiced. 

Bronze,  Bronze  is  another  copper  alloy  and  is  composed 
of  copper  with  tin  or  zinc.  Bronze  is  harder  than  brass  and  is 
expensive  because  of  the  tin  content.  You  will  usually  find 
bronze  in  bar  or  round  stock  rather  than  in  sheets. 
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Neor«st 
Gage 

Decimul 
Tnickness 

Ounce 
rer  5q  rt 

Sheet  Weight  in  Pounds,  Size  and  Thickness 

I4"x48" 

24"x48" 

30"x60" 

36"x72" 

48"x72" 

31 

.0107 

8 

2.33 

4 

6.25 

9 

12 

29 

.0134 

10 

Z91 

5 

7.81 

11.25 

15 

26 

.0188 

14 
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7 

ia93 

15.75 

21 

24 

.0215 

16 
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8 

1250 

18 

24 

22 

.0269 

on 
20 

5.83 

10 

15.62 

2250 

30 

18 

.0538 

40 

11.66 

20 

31.25 

45 

60 

16 

.0645 

48 

14 

24 

37.50 

54 

72 

cp-r 

Figure  4-13.  Copper  sheet — ^  weight  and  size. 


Lead.  Lead  is  a  very  soft  metai  that  woiks  much  more 
easily  than  any  of  the  metals  we  have  already  discussed.  It 
is  alloyed  with  tin  to  make  solder,  which  you  will  use  often. 
Solder  is  discussed  in  Volume  3.  As  a  metalworker,  you 
may  be  required  to  line  an  X-ray  room  with  lead,  since  it 
resists  radioactive  rays.  Lead  also  resists  chemicals  and  is 
used  around  sewer  vents.  Lead  can  be  purchased  in  various 
sizes,  by  roll  or  sheet.  It  has  very  little  strength  and  should 
not  be  used  where  strength  is  required.  Lead  is  very  heavy, 
and  its  weight  should  be  considered  when  used. 

Zinc.  Zinc  is  a  medium-soft  metal  used  chiefly  to  alloy 
with  other  metals  and  to  coat  black  iron  for  corrosion 
resistance.  When  iron  is  dipped  in  melted  zinc  and  allowed 
to  cool,  tlie  zinc  forms  crystals  which  make  a  spotted 
appearance  on  the  surface  You  have  probably  observed  a  GI 
can  that  is  zinc-coated  to  resist  corrosion.  Zinc  hardens 
when  worked;  it  can  be  annealed  by  heating  and  slow 
cooling.  Zinc  is  also  used  to  cut  raw  acid  (soldering  flux), 
which  is  covered  in  Volume  2. 

Each  of  these  metals  discussed  can  be  treated  or  woiked 
to  change  its  properties.  It  is  important  that  you  are  able  to 
identify  each  of  these  metals  and  are  aware  of  the  effects  of 
heat  upon  them.  Figure  4-14,  which  shows  the  melting 
point  and  color  of  ferrous  and  nonferrous  metals,  will  help 
you  understand  the  next  section  on  annealing,  hardening, 
and  tempering. 

Exercises  (050): 

1 .  Brass  is  composed  of  what  two  metals? 


2.  List  three  main  uses  of  lead. 


3 .  Which  metal  is  used  to  cut  raw  acids  (soldering  flux)? 


4.  Why  is  copper  alloyed  with  other  metals? 


051.  List  ways  to  change  the  properties  of  metals,  and 
identify  the  hardening  and  tempering  processes. 

Heat  treating  of  metals  is  done  to  change  the  properties  of 
the  metal.  It  is  done  by  annealing,  hardening,  and 
tempering.  In  this  section,  we  discuss  each  of  these 
processes  and  give  examples  of  treating  some  of  the  metals 
you  learned  about  earlier  in  this  chapter. 


Symbol 

Molting  Point 

Color 

Aluminum 

Al 

121f  F 

Silvory 
Whito 

Iron 

F« 

2700^  F 

Block 

NIckftI 

Hi 

2644^F 

Shiny 
Silvory 

Chromium 

O 

29»»F 

eiuioh 
Whit* 

Coppor 

Cu 

mi*»F 

RocMioh 
Browr 

Silicon 

Si 

25W«F 
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Zn 

7»T^F 

Bluish 
Whito 

Pb 

«TF 

Bluish 
Gray 

Tin 

Sn  • 

449*F 

Shiny 
&lvff 

Figure  4-14.  Symbols,  melting  point,  and  color  of  ferrous 
and  nonferrous  metals. 
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Annealing.  The  annealing  of  r^cf  i]s  is  a  process 
heating  the  n>ctal  to  a  cherry-red  color  and  cooling  slowly. 
Annealing  reduces  brittlencss,  since  it  restores  ductility, 
relieves  stresses,  and  controls  grain  size,  Cop^  r  can  be 
annealed  to  increase  its  electrical  conductivity.  Copper  is  a 
r><*tal  that  is  cooled  quickly  as  it  is  annealed  bv  quenci  uig 
(dippu.g)  ir  in  water;  however,  most  other  meu,  ue  cooled 
J  Don  I  confuse  annealing  with  tempering,  uich  we 
will  discUvSv  later. 

To  ann.  teei,  it  is  heated  to  a  high  temperature, 
i  oximatCiy  iJw5".  (Since  an  approximate  degree  is 
hein^"  leacJied.  cherry-red  effect  will  appear  on  the  heated 
area  a  metal  reaches  approximately  1375**),  It  is 
important  that  the  steel  reach  this  temperature  so  that  tlie 
hardness  will  be  removed. 

The  steel  is  allowed  to  cool  slowly,  and  the  slower  the 
metal  cools,  the  more  effective  the  annealing  process  will 
be.  The  thickness  of  the  materials  has  some  effect  on  the 
cooling  time,  which  can  range  from  5  to  24  hours.  To  cool 
metals  slowly,  a  sand  pit  or  insulated  annealing  box  will 
more  than  likely  be  used  in  your  shop.  The  piece  being 
annealed  should  be  allowed  to  cool  in  the  annealing  box 
until  it  rea;hes  room  temperature  before  being  removed. 
Hie  piece  should  be  well  buried  in  the  annealing  box  so  that 
the  cool  air  in  the  room  will  not  reach  the  hot  metal. 

Hardening.  Hardening  is  a  process  of  changing  the 
property  of  metals  to  make  them  harder.  Hardening  steels, 
especially  high-carbon  steel,  is  done  by  heating  the  metal  to 
a  cherry-red  olor  and  cooling  fast.  The  metal  is  cooled  fast 
in  a  quench  tank  of  oil,  salt  brine,  or  water.  As  the  piece  is 
quenched,  it  is  circulated  in  the  solution  to  insure  even 
cooling.  The  heating  and  quenching  process  gives  the  piece 
of  metal  a  fine-grain  structure,  extreme  hardness,  greater 
strength,  and  less  ductility.  Metal  quenched  in  water  is  hard 
but  brittle;  salt  brine  makes  a  good  quench  solution,  but  oil 
is  better  than  salt  brine  or  water. 

Tempering.  Tempering  is  a  process  of  restoring  temper 
to  a  metal  or  adding  temper  to  a  metal  to  change:;  the 
property.  Tempering  is  also  done  to  reduce  the  excessive 
hardening  that  is  often  produced  during  the  hardening 
process.  Tempering  is  done  by  headng  the  metal  to  a 
specific  temperature.  In  figure  4-15,  you  can  see  a  chart  of 


the  tools  that  muy  require  tempering.  You  should  learn  to 
recognize  the  surface  appearance  of  the  material  when  it 
reaches  the  desired  temperature.  ^ 

A  clean  surface  is  important  when  you  are  tempering 
metals.  If  the  surface  is  not  clean,  you  will  not  get  an 
accurate  surface  color  as  the  material  is  heated.  The  surface 
can  be  cleaned  with  a  piece  of  abrasive  cloth  or  paper  until 
it  has  a  bright  finish.  After  the  surface  has  been  cleaned  and 
heated  to  the  desired  temperature,  the  metal  is  dipped  in 
water  or  oil  and  circulated. 

Exercises  (051): 

1,  What  factor  must  you  control  when  heat  treating 
metals? 


2.  Explain  the  quenching  process. 


3.  Explain  how  to  anneal  a  piece  of  steel. 


4.  How  do  you  reduce  the  excessive  hardness  of  a  metal? 


5.  Why  should  the  surface  of  a  metal  be  clean  when 
tempering? 


4^3.  Corrosion  Control 

Corrosion  can  be  defined  as  the  deterioration  of  a  metal 
by  reaction  to  its  environmeni.  The  corrosion  occurs 
because  of  the  natural  tendency  for  most  metals  to  return  to 


For  Tempering 

Degree  Forenhelt 

Color  For 
Related  Degree 

Kind  of  Material 

430 

Yellow 

Scrappers,  Hammers 

470 

Straw 

Punches,  Twist  Drills,  Reamers 

500 

Brown 

Drift  Punches 

540 

Purple 

Cold  Chisels,  Center  Punches,  Rivet  Sets 

570 

Blue 

Screw  Driver 

Figure  4*-I5.  Heat  and  color  for  tempering  tools. 
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their  natural  state.  An  example  of  this  is  iron  reacting  with 
moisture  and  oxygen  from  the  air  to  revert  to  iron  oxide 
(iron  ore).  Those  metals  which  are  found  in  the  pure  state 
are  the  least  likely  to  corrode. 

Not  all  corrosion  is  caused  by  just  moisture  and  oxygen. 
Sometimes  it  may  be  caused  by  a  chemical  attack  on  the 
metal  surface.  Some  of  these  chemicals  may  be  acids » 
alkalis,  or  salts. 

Sometimes*  when  two  unlike  metals  are  connected 
together  in  a  moist  atmosphere,  corrosion  will  occur  on  one 
of  the  metals. 

One  of  the  appearances  of  corrosion  may  be  a  tarnish  or 
discoloration  to  a  shiny  metal.  Stainless  steel  will  become 
black.  Aluminum  may  become  dull  or  coated  with  a  white 
powdery  residue.  Copper  will  be  greenish  white  in  color. 
Iron  or  carbon  steel  will  develop  reddish-to-black  color 
(rust).  Severe  rusting  will  be  scaly  and  may  flake. 

052.  Cite  factors  concerning  the  use  of  common 
corrosion  removers. 

Chemical  Corrosion  Removers.  The  primary 
consideration  in  removing  corrosion  is  that  removal  must  be 
complete.  Failure  to  clean  away  all  residue  lets  corrosion 
continue  even  after  the  affected  surfaces  are  re  finished. 

There  are  two  methods  of  removing  corrosion; 
mechanically  or  chemically  The  mechanical  method 
includes  abrasive  blasting,  filing,  wire  brushing,  grinding, 
or  abrasive  ruts.  The  chemical  method  includes  the  use  of 
various  acids  or  alkaline  solutions.  The  method  used  will 
depend  on  the  metal/alloy,  degree  of  corrosive  damage,  and 
the  accessibility  of  the  area.  The  chemical  method  should 
not  be  used  if  chemicals  may  become  entrapped. 

Phosphoric  acid  corrosion  remover  (Mil-M-JOSTS). 
This  corrosion  remover  contains  a  strong  acid.  Protect 
hands,  face,  and  eyes.  Wear  protective  clothing.  Avoid 
prolonged  breathing  of  vapors.  Inhibited  (Type  III) 
phosphoric  acid  base  rust  remover  is  intended  for  removing 
rust  (on  ferrous  metals)  and  conditioning  the  metal  surtace 
prior  to  painting.  This  material  should  always  be  rinsed  off 
with  water  after  application.  This  acid  comes  in  a 
concentrated  form  and  must  be  diluted  for  use.  The  correct 
dilution  is  1:1;  that  is,  1  part  acid  to  1  part  water.  When  you 
do  this,  always  mix  the  solution  in  an  acid  resistant 
container.  Always  add  the  acid  to  the  water;  otherwise, 
there  may  be  a  violent  reaction  that  will  cause  the  solution 
to  emit  globules  of  material. 

Apply  this  solution  to  the  corroded  area  with  a  brush  or 
swab.  Allow  the  solution  to  remain  long  enough  to  loosen 
rust  (2  to  10  minutes,  depending  on  the  degree  of  rusting). 
Rinse  well  to  remove  all  solution  residue  thoroughly,  dry 
the  part  well,  and  immediately  apply  a  protective  coating. 

Pasa-Jell  No.  101.  This  corrosion  remover  is  used  on 
stainless  steel  in  liquid  oxygen  storage  and  transfer  systems 
because  it  is  compatible  with  liquid  oxygen.  The  solution  is 
applied  with  an  acid-resistant  brush  and  can  be  agitated 
with  an  abrasive  mat. 

Remove  Pasa-Jell  with  a  clean,  lint-free  cloth  rinsed 
frequently  in  clean  water.  Use  a  clean,  lint-free  dry  cloth 
for  a  final  wip)e.  Do  not  use  aluminum  or  steel  wool  to 
agitate  Pasa-Jell  because  a  combustible  reaction  will  occur. 


This  solution  contains  strong  acids  which  requires  that  you 
wear  protective  clothing  and  avoid  breathing  fumes. 

Alkali  corrosion  remover  {MihC- 14460).  This 
corrosion  remover  is  highly  alkaline  and  is  used  on  ferrous 
metals.  It  is  very  harmful  to  skin  and  eyes,  so  you  should 
wear  rubber  gloves,  aprons,  i^rid  goggles,  and  insure 
adequate  ventilation  when  working  with  this  material. 

Metal  to  be  cleaned  should  be  immeused  in  the  siilution. 
Rust  removal  time  varies  with  the  extent  of  the  rust  and 
temperature  of  the  solution — a  warmer  solution  removes 
rust  at  a  faster  rate.  When  the  part  is  clean  it  must  be  rinsed 
thoroughly  with  clean  water,  then  dried  and  coated  with  a 
suitable  protective  coating.  This  coirosion  remover 
dissolves  aluminum  and  thus  should  not  be  used  as  a 
corrosion  remover  on  aluminum  surfaces. 

Exercises  (052): 

1.  Why  must  chemical  corrosion  removers  be  completely 
cleaned  from  the  surface  of  the  metal  after  use? 


2.  When  shouldn*t  you  use  chemical  corrosion  removers 
and  why? 


3.  How  is  phosphoric  acid  prepared  for  use  and  what 
metal  is  it  used  on? 


4.  What  is  used  to  remove  corrosion  from  stainless  steel 
in  liquid  oxygen  storage  systems  and  why? 


5.  What  precautions  must  be  taken  when  applying  Pasa- 
Jell  No.  101? 


6.  What  is  alkali  corrosion  remover  (Mil~C~14460)  used 
on,  what  shouldn't  it  be  used  on,  and  how  can  you 
speed  its  action? 


053.  Identify  potential  health  hazards  caused  by 
exposure  to  chemical  compounds. 

Potential  Health  Hazards.  You  are  exposed  to 
chemical  compounds  if  you  breathe  their  fumes  or  handle 
them.  Any  procedure  that  may  produce  a  health  hazard 
must  be  evaluated  and  controlled. 


75 


EKLC 


Breathing  air  containing  solvent  vapors.  Inhaling 
solvent  vapors  in  a  high  enough  concentration  can  injure  the 
body.  The  organ  or  K  system  affected  depends  upon  the 
solvent  involved.  Some  solvents  act  as  irritants  to  the  nose, 
throat,  or  eyes;  others  act  as  anesthetics  and  produce 
varying  degrees  of  narcosis.  In  cases  of  narcosis,  your 
manual  dextenty  and  alertness  may  be  affected.  Your 
ability  to  do  your  work  efficiently  and  without  accident  may 
be  decreased.  This  can  be  important  in  all  types  of 
maintenance  operations  that  require  a  high  degree  of  skill 
and  alertness. 

Toxicity.  Toxicity  degree  of  being  poisonous  data  for 
individual  solvents  or  chemical  compounds  are  difficult  to 
apply  to  a  mixture.  Various  additives  and  mixtures  can 
affect  toxicity.  Some  industrial  solvents  used  in  the  Air 
Force  are  mixtures  containing  numerous  organic 
compounds. 

Absorbency  through  the  skin.  Many  chemical 
compounds  can  be  absorbed  through  the  skin  in  large 
enough  quantities  to  cause  |!>oisoning.  Skin  absorption  must 
be  considered  a  possible  method  of  ingestion  for  all 
solvents. 

Ingestion  by  swallowing.  Swallowing  toxic  chemicals  is 
the  least  important  means  of  industrial  exposure,  but 
swallowing  should  not  be  overlooked  as  a  contributing 
factor  in  occupational  disease.  People  handling  toxic 
chemical  compounds  must  be  careful  to  avoid 
contaminating  their  food,  hands,  or  other  objects  that  they 
might  place  in  their  mouths,  intentionally  or 
unintentionally. 

Dermatitis.  Cleaning  compounds  can  also  irriate  the 
skin,  resulting  in  dermatitis.  Chemical  compounds  act  in 
two  ways  to  produce  occupational  dermatitis — as  primary 
irritants  and  as  skin  sensitizers.  A  skin  sensitizer  is  an  agent 
that  does  not  cause  noticeable  changes  on  the  first  contact, 
but  on  subsequent  or  prolonged  contact,  produces 
dermatitis. 

A  primary  irritant  is  an  agent  that  causes  dermatitis  by 
direct  action  where  it  touches  the  skin  if  it  is  permitted  to 
act  long  enough  in  sufficient  intensity  or  quantity.  A 
primary  irritant  forms  chemical  combinations  with  the  skin 
or  removes  essential  ingredients  from  the  skin,  destroying 
the  skin,  burning  it,  or  inflaming  it.  The  type  and 
concentration  of  the  chemical  and  the  period  of  exposure 
determines  the  type  of  damage  that  occurs. 

Exercises  (053): 

1 .  List  five  potential  health  hazards. 


2.  How  do  some  solvents  affect  the  body? 


What  is  the  method  of  solvent  ingestion  that  might  not 
be  considered? 


What 

e\: 


is  the  least  important  means  of  industrial 


How  is  an  agent  classified  that  docsrft  necessarily 
K.-ause  noticeable  changes  on  first  contact? 


6.   How  does  a  primary  irritant  cause  dennatitis': 


054.  Cite  methods  and  procedures  for  controlling 
chemical  health  hazards. 

Control  of  Health  Hazards.  The  health  hazards  you 
face  while  you  are  cleaning  metal  surfaces  are  controlled  by 
one  or  more  of  the  following  methods. 

Selection  of  chemical.  Use  the  least  toxic  chemical 
compound  that  will  do  the  job  satisfactorily.  The  relative 
toxicity  of  a  compound,  although  not  the  only  factor 
influencing  the  degree  of  hazard  involved,  is  an  important 
consideration.  Selecting  kerosene  in  place  of  benzine  is  an 
example  of  substituting  less  toxic  materials  for  cleaning. 

Selection  of  equipment.  Select  a  type  of  equipment  that 
prevents  the  escape  of  chemicals  into  the  breathing  zone  of 
the  worker.  Whenever  closed  processes  are  economically 
and  operationally  possible,  use  them.  If  maximum  health 
hazard  control  is  built  into  equipment,  operate  and  maintain 
the  control  element  carefully.  An  inadequately  designed  or 
maintained  health  hazard  control  is  frequently  more 
dangerous  than  an  uncontrolled  process  because  of  the  false 
sense  of  security  it  creates. 

Ventilation.  Supply  clean  air  to  a  work  area  to  dilute  the 
toxic  vapor  concentration  to  a  point  below  the  threshold 
limit  value.  The  uncontaminated  air  can  be  provided  by 
natural  draft,  open  doors,  open  windows,  or  preferably  by 
forced  ventilation.  Use  this  method  of  control  only  when 
the  chemical  is  of  low  toxicity  or  when  only  small 
quantities  of  toxic  vapor  are  escaping  into  the  air. 

Using  exhaust  ventilation  to  capture  the  contaminants 
and  remove  them  from  the  workroom  air  is  the  most 
effective  method  of  controlling  toxic  concentration.  The 
exhaust  system  must  produce  enough  air  movement  to 
capture  the  contaminant  as  near  to  its  source  as  possible. 
The  system  must  then  convey  the  contaminant  to  some  safe 
discharge  point,  while  removing  only  a  minimum  amount 
of  workroom  air  and  not  interfering  with  the  normal 
ventilation  system. 

No  method  of  controlling  toxic  compounds  is  foolproof. 
You  need  to  learn  certain  hygienic  fundamentals 
concerning  the  materials  you  are  using,  and  you  must 
remember  to  prevent  excessive  exposure.  If  you  are 
indifferent  or  uninformed,  the  control  devices  can't  keep 
you  from  producing  the  maximum  amount  of  atmospheric 
contamination. 
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Protective  clothing.  Use  respiratory  devices  only  for 
emergency  and  supplementary  protection;  rarcl>,  ever, 
rely  upon  them  as  your  primary  protection.  There  arc 
occasional,  isolated,  or  emergency  jobs  where  you  must 
depend  on  respiratory  protective  devices  for  the  prevention 
of  injury,  but  your  first  lines  of  defense  should  be  one  or 
more  of  the  control  measures  discussed  above. 

A  variety  of  respiratory  devices  are  available,  each  with 
its  specific  uses  and  limitations.  Be  sure  that  you  are  using 
the  proper  one  for  the  particular  job.  Keep  respiratory 
protective  devices  clean  and  in  good  repair,  and  change 
filters,  canisters,  or  cartridges  as  necessary.  Respirators  can 
be  divided  into  two  main  groups:  air-supplied  and  air- 
purifying. 

Air-supplying  respirators  provide  you  with  air  from  a 
source  of  supply  that  is  independent  of  your  working 


environment.  You  use  them  where  there  is  a  possible 
oxygen  deficiency — for  example,  inside  a  tank  or  in  a 
high-atmospheric  concentration  of  a  chemical  contaminant. 

Air-purifying  respirators  provide  safe  air  by  removing  the 
toxic  components  from  the  workroom  air  with  mechanical 
or  chemical  filtration.  You  cannot  use  these  in  an  oxygen- 
deficient  atmosphere  or  in  high  atmospheric  concentrations 
of  contaminants. 

Protective  clothing,  shown  in  figure  4-16,  protects  the 
skin  against  toxic,  irritant,  and  corrosive  chemicals.  Some 
chemicals  can  be  absorbed  through  the  skin  in  harmful 
quantities,  many  are  primary  irritants,  and  a  few  are 
sensitizing  agents.  When  other  control  measures  fail  to 
protect  your  skin  adequately,  use  protective  clothing.  Such 
items  as  rubber  and  plastic  gloves,  aprons,  suits,  boots. 


Figure  4-16.  Protective  clothing. 
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hoods»  and  face  shields  are  available.  Keep  these  items 
clean  and  in  good  repair. 

Occupational  dermatitis  can  result  from  exposure  to  any 
of  the  compounds  used  in  metal  cleaning.  Protecting 
yourself  by  the  control  methods  discussed  above  prevents 
these  irritants  from  reaching  your  skin,  thus  preventing 
dermatitis  as  well  as  intoxication. 

Next  to  avoiding  exposure,  personal  cleanliness  is  the 
most  important  control  measure  for  preventing  dermatitis. 
Make  sure  you  have  adequate  washing  facilities,  including 
hot  and  cold  water  and  a  good  industrial  skin  cleanser. 
Allow  yourself  enough  time  for  a  thorough  cleansing  before 
lunch  and  at  the  end  of  the  shift.  Protective  ointments  have 
some  value  as  preventative  measures  but  their  usefulness  is 
frequently  overemphasized.  However,  if  the  use  of  your 
bare  hands  is  essential  to  the  ojjeration,  or  you  cannot  cover 
your  face  with  a  protective  device »  ointments  may  be  tiie 
only  means  of  protection  available. 


2,  What  rule  should  you  remember  when  selecting  a 
chemical  for  corrosion  removal? 


3.  What  is  the  most  effective  method  of  controlling  the 
concentration  of  toxic  materials  and  removing 
contaminants  from  the  workroom? 


4.  Name  the  two  types  of  respirators. 


5.  What  items  of  equipment  protect  your  skin  from 
chemicals? 


Exercises  (054): 


1 .  List  four  methods  of  controlling  health  hazards. 


6.  Next  to  avoiding  exposure,  what  is  the  most  effective 
control  measure  for  preventing  dermatitis? 
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CHAPTER  I 


007  -  1.  (I)  i. 


Reference: 


001  - 
001  - 
001  - 
001  - 
001  - 
001  - 
001  - 
001  - 
001  - 
001  - 
001  - 

001  - 

002- 

002  - 
002  - 
002  - 
002- 
002  - 
002  - 
002- 
002 
002 
002 
002 


1.  No. 

2.  Yes. 

3.  Yes, 

4.  No. 

5.  Yes, 


6,  Yes, 

7,  No, 

8,  Yes. 

9,  Yes, 

10,  No. 

11,  Yes, 

12,  Yes. 

1 ,  Mechanical, 

2,  Sanitation. 

3,  Resources  and  Requirements, 

4,  Operations. 

5,  Pavements  and  Grounds, 

6,  Civil  Engineer, 

7,  Civil  Engineer, 

8,  Civil  Engineer, 

9,  Structures, 

10,  Structures, 

11,  Pavements  and  Grounds, 

12,  PavemcnU  and  Grounds, 


003  -  L 


004-  1, 
004-2, 
004-3, 

004  -4, 
0O4-5, 
004-6, 

005  -  1, 

005  -  2, 

006-  1, 

006  -  2, 

006-3, 


006-4. 
006 --5, 
006-6, 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

(7)  g. 

(8)  b 

(9)  f, 
(10)  c, 

C, 
C, 
I, 
C, 
C, 
I, 


(2) 
(3) 
(4) 


(5)  c. 

(6)  d, 
e, 

c. 


(7) 
(8) 
(9) 

(10)  h, 

(11)  a. 

(12)  g. 


008  -  1, 


008 
008 
008 

009 
009 


2, 
•  3, 
4, 

-  1, 
-2, 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 


009  -  3, 

010  -  1, 


Intelligence  indicators. 
Only  those  p>eople  with  a  '"need  to  know,** 
Aircraft  loadings,  takeoffs  and  landings;  information  about 
materials  and  specific  military  operations. 

To  determine  the  effectiveness  of  formal  schools  and  career 
development  courses, 

(1)  When  the  graduate  can't  meet  the  proficiency  requirements 
of  the  STS,  (2)  when  the  STS  lists  tasks  not  performed  in  that 
AFS ,  and  (3)  when  the  STS  code  levels  are  too  high, 
6  months. 


Base  Engineer  Emergency  Force, 

You  should  have  written  BEEF  in  a,  c»  d«  e,  g,  and  h, 

55212, 

a,  Basic  Pavements  and  Soils  Course, 

b,  Basic  Const,  Equip,  Course, 

a,  55230, 

b,  55231, 

c,  55232, 

a,  55255, 

b,  55350, 

a.  Pavements  Maintenance  Technician,  55170, 

b.  Construction  Equipment  Technician »  55171, 
Pavements  Superintendent,  55191, 


(1)  b, 

(2)  d. 

(3)  c, 

(4)  a, 

(5)  a. 

Oil  -  1,  AFM-85-3, 

011  -  2,    Resources  and  Work  Force  Management, 

012-1,  34C2. 1-2, 

012-2,  34C2-3.I-4, 

012-3,  34W8.I-73, 

012  -  4,  34yi-l.  1-73, 

013  -  1,  (1)  Sparkplugs, 

(2)  Ignition  wiring  and  battery  connection, 

(3)  Engine  distributor  timing, 

(4)  Wear  or  pitting  of  distributer  breaker  points , 

(5)  Engine  generator  belt, 

1,  No, 

2,  Yes, 

3,  No, 
'  4,  Yes, 
'  5,  Yes, 

CHAPTER  2 


014  ' 

014 

014 

014 

014 


015 
015 


1 ,  Inservice  work  plan, 

2,  Facility  surveys. 
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015  -  3,  Recurring  labor-hours  and  equipment  maintenance  labor-hours. 
015  -  4.    Work  authorization  documents, 

015-  5,    By  post  work  and  the  use  of  a  computer 
015  -  5.  BEAMS. 

016-  1,    a.    Requester's  name  and  phone  number, 

b.  Building  or  facility  number, 

c.  Work  requested, 

d.  Date  signed, 

e.  Signature  of  base  civil  engineer, 
016-2,    On  the  back  of  the  form, 
016-3,    a.    New  work, 

b.  Self-help  work, 

c.  Repair  of  damages  to  real  property  caused  through  neglect 
or  abuse, 

d,  Inservice  minor  construction  costing  less  than  $  1000,00  for 
base  work  oi*  over  1 00,00  for  military  family  housing, 

e ,  Projects  that  are  accomplished  by  contract. 


023 
023 
023 


027 
027 
027 

028 
028 
028 


1, 
2, 
3, 
4, 
5, 

1, 
2, 
3, 
4, 
5, 
6, 


AF  Form  1135, 
AF  Form  332, 
AF  Form  332, 
AFForni  1135, 
AF  Form  1135. 

F, 
T, 
F, 
T, 
T, 
T, 


Initiate  AF  Form  1135. 
Emergency  situations. 


017  - 
017  - 
017  - 
017  - 

017  - 

018  - 
018  - 
018  - 
018  - 
018  - 

018  - 

019- 

019  ■ 
019 
019 
019 
019 

020 
020 

021 
021 
021 
021 

022 
022 
022 
022 

023  -  1,  (1)  To  provide  a  uniform  reporting  system, 

(2)  To  identify  direct  labor  cost  against  work  orders, 

2.  ATA  and  ETA, 

3.  AF  Form  1734. 

4.  Handprinted  on  AF  Form  1 734  belo'.v  the  first  group  of  names. 


026  -  3,    Nomenclature,  unit  of  issue,  and  quantity, 
026  -  4,    It  is  used  to  order  materials, 

1,  Materiel  Control. 

2,  Stock  number, 

3,  Turkey, 

1,  To  make  a  visual  check  to  see  if  property  Hsted  on  paper  is 
actually  there, 

2,  Obeying  a  set  of  nilcs  necessary  to  conserve  and  protect  Air 
Force  equipment  and  supplies, 

3,  (1)  AF  equipment  must  be  operational;  (2)  adequate  supplies  in 
good  condition  must  be  on  hand;  (3)  use  equipment  and 
supplies  only  for  their  intended  purposes;  (4)  safeguard 
equipment  and  supplies;  and  (5)  keep  accumtc  records. 
Yellow, 

Unserviceable  but  reparable. 
Condemned — do  not  use. 

Expendable  items. 

Place  I  (initial),  R  (recurring),  or  N  (noruecurring)  in  the  Issue 
block. 
No, 

A  justification  for  the  issue. 
Unit  of  issue,  quantity,  unit  price,  and  total  cost. 
Receipt  for  AF  materials  issued  on  a  temporary  basis, 
24  hours. 

Custody  receipt  and  hand  receipt. 


029  - 
029  - 

029  - 

030  - 
030- 

030  ■ 
030  ■ 
030  ■ 
030 
030 


1, 
2, 
3, 

1, 

2, 

3, 
4, 
5. 
6, 
7, 

030  -  8, 


1,  Self-help. 

2,  Hopper, 

'  3,  Service  call, 

4,  SMART, 

5,  Service  call, 

6,  IWP, 

1 .  Recommend  that  a  larger  storage  area  be  constructed, 

2.  BCE  Work  Order  (AF  Form  327), 

'  1.  To  compute  man-hour  requirements, 

■  2,  To  compute  allowed  time  for  a  job, 

•  3,  The  plaruier, 

•  4.  The  front  side. 


1.  T. 

2.  F, 

3.  F, 

4.  T, 


024-  1, 


(1) 
(2) 
(3) 
(4) 


(5)  a, 
(6) 
(7) 
(8) 
(9) 
(10) 

(11) 
(12) 


CHAPTER  3 

031-1,    a.  Improper  fraction, 

b.  Mixed  number. 

c.  Proper  fraction, 
031-2,    a,  2, 

b,  32, 

c,  2, 

d,  7, 
031-3.    a,  eV*. 

b,  16% 

c,  1  '/m 

d,  Cannot  be  converted. 

032  -  1-    a,  7/2, 

b,  201/32. 

c,  47/8, 

d,  5/4, 

e,  73/16, 
012  -  2.    a,  77/96. 

b,  161/9, 

c,  5/12, 
032  -  3,    a.  5, 

b,  16/27. 

c,  5^3- 

d,  4 

032  -  4.    Items  b,  c,  e,  and  f  contain  improper  fractions. 


032  -  5,  a 


025  -  1,    You  should  have  placed  an  x  by  (1),  (3),  (4),  (5),  (6),  and  (7), 

026  -  U    AFR  67-23, 

026  -  2,    a.  Requisition  equipment  initially, 

b.  Request  replacement, 

c.  Increase  authorization, 

d.  Reduce  authorization, 

e.  Turn  in  equipment. 

f.  Receipt  for  equipment. 


21  '%4 
7  '%4 
18 

11  yz4 

15  ^'^4 

4  ^4 

1  ^A2 
1  V32 
6  'y32 
14  %2 
3  "/32 


032  -  6,    a,  80, 

b.    26  'Vsa 
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032  -  7. 


032  -  8. 

033  -1 
033  -  2. 


034  -  1 . 
034  -  2, 


b. 


21 

-14  ^Vftft 

14  V,„ 

-5  '^16 


•14  "/66 
-5 


a. 
b. 


46.4858. 
a.  83.824 
b- 

c,  9.66 

53  inches  -  1346,2  mm 


6" 
9" 
21" 
54" 
68" 

12" 
14" 
23" 
28" 
39" 
89' 


152.4  mm 
228.6  mm 
533,4  mm 
1371.6  mm 
1727.2  mm 

304.8  mm 
355.6  mm 
584.2  mm 
711.2mm 
990.6  mm 
2260.6  mm 


037  ~  3. 


038  -  I . 


038  -  2 

039  -  1 
039  -  2 
039  -  3 
039  -  4 


040-1. 


040 
040 
040 


041 
041 
041 
041 
041 

041 
042 


(3) 
(4) 

a. 

b, 

A  = 

iL 

4 


a. 
b. 

24.6272  square  inchrs. 
262  1426  square  inches. 

Tir"  or  A  ~ 


034  -  3. 


Arc.  chord,  tangent,  sector,  and  segment. 

V  =  1/3  (^)  X  A  =  4  cubic  yards. 
226.2  square  incnes. 
6,720  cubic  inches. 
I  .^7,445  cubic  inches. 

CHAPTER  4 

Two.  All  steel  goes  through  the  blast  furnace;  then  it  must  go 

through  either  the  open-hearth  furnace,  Bessemer  converter, 

electric  fumace,  or  induction  furnace. 

Cast  iron. 

By  electric  current. 

The  inglots  are  placed  in  an  underground  fumace  called  a 
soaking  pit  and  heated  uniformly  all  the  way  through  at 
approximately  2200"  F. 

Permanent  mold,  sand  mold,  and  die. 
Drawing, 
Die  casting. 
Casting  or  wrought. 

Any  metal  that  has  been  shaped  by  force  while  it  is  in  the  solid 
form. 

Forging,  extruding,  rolling,  piercing,  and  drawing, 

(1)  c. 

(2)  h. 

(3)  a. 

(4)  i. 

(5)  b, 

(6)  g, 

(7)  d, 

(8)  f. 

(9)  c. 


29  47/^" 

86  "/ji" 

1  y* 

36  'VxtT 

96  miles 
61  miles 
984  miles 


174.6245  mm 
755,237  mm 
2193.08  mm 
44.4491  mm 
935,019  mm 

157,72  km 
98.17  km 
9584.24  km 


034  -4,    a.    4  feet  4y2  inches  =  1333.50  mm 
3  pounds  =  1 ,36  kg 
5y2  gallons  =  20.821 
3531,4  cubic  feet, 
130,79  cubic  yards. 


b. 
c. 
a, 
b. 

An  equation, 
rr,  3,1416 
Transposition, 
Add  4, 

An  equal  (  =  )  sign. 

The  branch  of  geometry  that  deals  with  the  measurement  of 
lines*  angles,  surfaces,  and  solids. 
Triangle, 

Right,  obtuse,  acute. 


034  -  5, 

035  -  1, 
035  ~  2, 
035  ~  3, 
035  ~  4, 

035  -  5, 

036  ~  1, 

036  -  2. 

036  -  3, 

037  -  1 .  Quadrilateral, 
037  -  2.  (1)  c, 

(2)  d. 


042  -  2,    A  change  in  one  property  will  usually  cause  a  change  in  one  or 

more  additional  properties. 
042  -  3,    Tensile  strength. 
042  -  4,  Elasticity, 

042  -  5,    A  brittle  metal  will  not  bend  without  breaking,  and  a  ductile 
metal  will  bend  without  breaking, 

042  -  6,  Hardness, 

043  -  1 ,    A  ferrous  metal  is  any  metal  that  has  iron  as  its  main  element, 
043  -  2,    A  nonferrous  metal  is  any  metal  that  contains  no  iron. 

043  -  3,    a,  Nonferrous. 

b,  Nonferrous. 

c.  Ferrous. 

d.  Ferrous, 

e.  Ferrous. 

f,  Nonferrous. 

g,  Nonferrous. 

Alloy  steel  refers  to  steel  that  contains  one  or  more  elements 
other  than  the  iron  and  carbon  which  comprises  s.teel. 


043 

044 
044 
044 
044 
044 
044 
044 
044 
044 

044 
044 


1,  The  percent  of  carbon  content. 

2,  Painted  or  coated  with  zinc  or  tin, 

3,  Chromium  17-20  percent, 

4,  Black  iron  dipped  in  hot  zinc, 

5,  Heating  is  not  required. 

6,  It  must  be  painted, 

7,  Yes, 

8,  Makes  them  harder  without  using  alloys, 

9,  Can  be  worked  cold  on  the  machines  and  may  be  bent  up  to 
180^ 

10,  Less  resistance  to  corrosion, 

11,  Hard  metal,  and  resists  scratches  and  corrosion. 
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045-1. 


045 
045 

rM5 

045 
045 

046 
046 
046 
046 
046 
046 
046 
046 

047 

047 
047 


047 
047 


047 
047 


048 
048 
048 

048 
048  ■ 


048 

049 
049 
049 


The  combination  of  the  chemical  composition  and  grain 
structure. 

Fcrritc.  pe:;rlite»  cementitc,  austenite,  and  martcnsite. 
Dctennincs  the  properties  of  the  n^eial.  the  propenies  that  can 
be  changed,  and  the  amount  of  change  that  is  possible. 
Mechanical  mixture,  solid  solution,  and  a  combination  of 
mechanical  mixture  and  solid  solution. 
Heat  increases  the  size  of  the  ^rain. 
Metal  with  No.  8  grain  j;i?.c. 

}.}  CO  Id- working. 

2  to  4  times  the  thickness  or  1/2  to  1  inch. 

The  difficulty  of  making  reliable  soldering  joints. 

Heat  treatable  and  nonhcat  treatable. 

It  is  much  lighter. 

Magnesium. 

Manganese. 

Amount  of  cold-work. 

The  75  in  1075  means  that  there  is  0.75-percent  carbon  in  that 
steel. 

SAE-1040  is  equivalent  to  AISI-C2040. 

To  give  complete  procurement  specifications  for  materials  used 

in  the  manufacturing  of  aircraft,  aircraft  engines,  propellers, 

and  other  aircraft  accessories. 

AMS-5095C. 

SAE-9235  indicates: 

9 — Type  of  steel  (silicon  managanese). 

2 — Percent  of  alloy  (2  percent). 

35 — Carbon  content  (0.35  percent  carbon). 

MIL  (military  specifications)  and  JAN  (Joint  Army  and  Navy 

specifications). 

Military  Handbook  HIB.  Cross-Index  of  Chemically 
Equivalent  Specifications  and  Identification  Codes  (Ferrous  and 
Nonferrous)  Alloys. 

Flame  test,  heat  and  quench  test,  spark  test,  and  chemical  test. 
Flame  test. 

Use  the  caustic  soda  test.  Weldable  aluminum  will  become 
br  ght  and  shiny,  while  nonweldable  aluminum  will  turn  black. 
Heat  and  quench  test. 

The  nitric  acid  test  will  distinguish  between  stainless  steel  and 
hardened  carbon  or  alloy  steels.  Nitric  acid  will  attack  the 
hardened  carbon  or  alloy  steel  very  rapidly  but  attacks  stainhss 
steel  slowly. 

Known  samples  of  steel  to  use  for  comparison. 

Across  the  diameter. 
Stenciling. 

a.  Maroon,  black,  green,  orange. 

b.  AA-1100. 


050 
050  ■ 
050 

051 
051 

051 
051 

051 


052 
052 

052 


052 
052 

052 

053 

053 

053 
053 
053 
053 

054 
054 

054 
054 
054 
054 


054  -  6. 


c.  White,  bine,  black,  red.  orange. 

d.  Rt.'d.  olive  drab,  black,  black, 
c  .AA-2024-<^. 

f.  SAr.-7U>50-N. 

^Jnpp;'l  .-nd  7.;iic 

Solder,  X-ray  shield,  ami  r.ewei  vents  or  acid  tanks, 
/.inc. 

To  increase  corrosion  resistance. 
Tenipciatiire. 

Place  a  hot  piece  of  metal  in  water,  sail  water,  or  oil  and 

circulate  for  even  cooling. 

Heat  it  to  red  hot  and  let  it  cool  slowly. 

By  heating  it  to  a  .  pecific  temperature  and  allowing  it  to  cool 

slowly. 

To  observ  e  the  color  change  of  the  metal  as  it  is  heated . 
CHAPTl'R  4 

To  prever  t  continued  corrosion  after  rcfmishing. 

When  the  chemicals  may  become  entrapped  and  cannot  be 

completely  removed,  thus  allowing  corrosion  to  continue. 

Use  an  acid  resistant  container  and  mix  in  a  ratio  of  1:1  with 

water.  Add  the  acid  to  the  water  and  apply  to  ferrous  metals 

only. 

Pasa-Jell  No.  101  because  it  is  compatible  with  liquid  oxygen. 
Wear  protective  clothing,  avoid  breathing  fumes,  and  DO  NOT 
apply  with  aluminun  or  bieel  wool. 

Use  on  ferrous  metals,  never  on  aluminum.  Its  action  can  be 
accelerated  by  increasing  the  temperature  of  the  solution. 
Breathing  air  containing  solvent  vapors,  toxicity;  absorbing 
solvents  throught  the  skin;  ingestion  by  swallowing;  and 
dermatitis. 

By  irritating  the  nose,  throat,  or  eyes,  or  by  acting  as 
anesthetics. 

Absorption  through  the  skin. 

Swallowing. 

A  skin  sensitizer. 

By  direct  action  where  it  touches  if  it  is  permitted  to  act  long 
enough  in  sufficient  intensity  and  quantity. 

Selection  of  chen^lcals  selection  of  equipment,  ventilation. 
Selection  of  chen.  cals,  selection  of  equipment,  ventilation,  and 
protective  clothing. 

Use  the  least  toxic  chemical  that  will  satisfactorily  do  the  job. 
Exhaust  ventilation. 
Air-supplied  and  air-purifying. 

Rubber  and  plastic  gloves,  aprons,  boots,  hoods,  and  face 
shields. 

Personal  cleanliness. 


Airixjf-rj ,  Al.  (3609f>5)  600 
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STOP' 


1.  -MA  1  CM  ANSWKR  SUKKT  TO  THIS  KXKRCISK  NIJMBKR. 

2.  I  SK  Nl  .MBKR  2  PKNC  II.ONLY. 


!>:X  I  F.NSION  COURSK  INS'l  l  ITH  I., 
\ OI.liMK  RKVIFW  KXKRCTSK 

55252  01  22 

(.KNKRAI.  SI  JUKCTS 


Carefully  read  the  following: 


1.  Check  the  "course."  "volunic."  and  "form"  numbers  Irom  the  answer  sheet  address  tab  against  the 

•VRE  answer  shoot  idontil  leation  number"  in  the  riyhthand  column  of  the  shipping  list.  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECl  immediately  with  a  note  of  explanation 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each  column. 
.1.   Use  a  medium  sharp  #2  black  lead  pencil  ftir  marking  answer  shee;. 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item.  (When  you  review  for  the  course 
cxammation.  you  can  cover  your  answers  with  a  strip  of  paper  and  then  check  your  review  answers 
agamst  your  origmal  choices. )  After  you  are  sure  of  your  answers,  transfer  them  to  the  answer  sheet  If 
you  have  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  to  avtud  any  erasure  tin  the  answer  sheet  if  at  all  ptissible. 

.'>.   Take  action  lo  return  eniirc  answer  sheet  to  l-.Cl . 

6.  Keep  Volume  Review  Hxercise  Inniklet  tor  review  aiul  reference. 

7.  If  mamlatorih-  ennilled  student.  prtKCss  queslitins  or  ctimments  thniugh  unit  trainer  or  OJT 
supervisor.  It  vohtntari I y  cmoW^ii  student,  send  questions  tir  comments  to  VV\  on  \  V\  F-orm  17 

DON'Ts: 

1 .  Don't  use  answer  sheets  tUlicr  than  one  furnished  specifically  lor  each  review  exercise 

2.  Don-t  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks  o,  excessive  markings 
which  overflow  marking  blocks  will  register  as  errors. 

.1.   Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 
4.   Don't  u.se  ink  or  any  marking  tither  than  a  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the  VRE  is  the  Learning 
Objective  Number  where  the  answer  lo  that  item  can  be  located.  When  answering  the  items  on  the 
VRE,  refer  to  the  Uarnmi^  Ohjertives  indicated  by  these  Numbers.  The  VRE  results  will  be  sent  to 
you  on  a  postcard  which  will  list  the  actual  VRE  items  vou  missed.  Go  to  the  VRE  booklet  and 
locate  the  Lr^armuf;  Objraive  Numbers  iov  the  items  missed.  Go  to  the  text  and  carefully  review  the 
areas  covered  by  these  reteiences.  Review  the  entire  VRli  again  before  you  take  the  closcd-hoi>k 
Course  hxaniination. 
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MULriPl.f':  cnoicf- 


Notv  to  Stuilvnt:  C*i>nsKlcr  all  choices  carerully  and  select  the  best  answer  Ui  each  question. 

1 .  (001 )  Which  ol  the  l\)llo\ving  items  /;rs7  describes  the  prmiary  mission  ol"  civil  engineering? 

a.  Maintain  base  facilities. 

h.  Supply  utilities  and  repair  base  tacilities. 

c.  Maintain  roads  and  runways,  and  keep  buildings  operational. 

d.  Acquire,  construct »  maintain,  and  operate  real  property  facilities. 

2.  (002)  Which  of  ihe  following  operates  as  a  staff  function  to  the  Chief  of  Operations 

a.  tingineering  and  Hnvironmental  Planning.  c.    Resources  and  Requirements. 

b.  lilectrieal  Power  Production.  d.    Industrial  Hngineering. 

3.  (003)  Which  of  the  following  descriptions  best  fits  the  Indusuiid  Engineering  function? 

a.  IH  evaluates  work  performed  by  all  CE  personnel. 

b.  IK  is  responsible  for  engineering  activities. 

c.  IH  is  the  Iiaist)n  between  the  base  and  CH. 

d.  Ih  activities  are  all  automated. 

4.  (00  M  What  are  two  tcspt)nsihilities  t)f  I'lnancial  Management? 

a.  Directs  and  conin)ls  all  work  performed  by  C\\. 

b.  f^repare.s  budgets  and  financial  plans. 

c.  Evaluates  work  and  implements  automated  system. 

d.  Distributes  communications  and  maintains  library. 

5.  (004)  When  Army  of  Navy  units  are  not  available,  what  unit  provides  heavy  equipment  and  construction 
support  for  base  CK  major  projects? 

a.  RED  HORSE-  c.   Field  Maintenance. 

b.  Prime  BEEP\  d.    Base  Repair  Squadron. 

6.  ((K)5)  Which  of  the  following  descriptions  best  fits  the  meaning  for  BEP.F  under  Project  Prime  BEEF? 

a.  A  unit  capable  of  major  construction  for  4  to  6  months  using  Army  or  Navy  equipment. 

b.  A  unit  on  permanent  duty  doing  heavy  construction  work  with  its  own  equipment. 

c.  Any  unit  doing  heavy  construction  work  while  on  temporary  duty. 

d.  A  base  engineer  emergency  force. 

7.  (006)  What  is  the  grade  for  an  apprentice  in  the  S,"^  career  tield? 

a.  V,\  c.  E-3. 

b.  E-2,  d.  i:-4. 

K.   ((K)6)  What  is  the  title  of  AFSC  55255? 

a.   Plumbinu  specialist-  c.   Carpentry  specialist, 

b-   Plumbin^i:  technician.  d.   Carpentry  technician. 

9.   (007)  What  is  an  important  duty  of  the  protective  coating  specialist? 

a.  Construct  ci^ncrete  walks.  e.   Apply  markings  to  t  ;  ways. 

b.  Test  construction  materials.  d.   Apply  plastc      me  exterior  of  buildings. 
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ID    ((H)7)  Whal  is  ;tn  iiuporturu  duly  ol  ihc  cniiinccrin^:  assisi;uu  specialist? 

a.  Construct  ciUKTctc  u  alks.  c.    l  est  construction  materials. 

b.  Apply  nnirkmgs  to  nuns  ays.  d.    Apply  plaster  to  the  exterior  of  buildings. 

I  I     ((K)S)  Which  ot  ihc  l»)Ilo\s  inii  )ol)v  is  rcqLiiivd  hs  ihe  metal  rahric;iliti^  technician  but  nol  by  the  specialist  ? 

a.  !'\)ri:cs  meial  lo  reL|uncd  shafxv  c.    Drills  and  punches  holes. 

b.  C\»nducis  an<I  supeiMses  ()J  1*.  d.   C\its  and  nims  metal. 

12.  ((H)S)  I-acts  ciMicerninij  yoLu*  dunes  can  be  told  to 

a.  anyone.  c.   only  your  commander. 

b,  anyone  senior  in  rank.  d.   only  people  with  a  need  to  know. 

13.  ((K)^))  Who  makes  it)b  peirorniance  evaluations? 

a.  Traino:.  c.    Immediate  supervisor. 

b.  Trainer.  d.    Unit  commander. 

14.  (010)  What  type  material  do  Air  F-orce  supplements  contain? 

a.  Directive.  e.  Additional. 

b.  Informative,  d.  Procedural. 

15.  (010)  What  type  material  do  Air  Force  pamphlets  contain? 

a.  Directive.  c.  Procedural. 

b.  Additional.  d.  Infonnative. 

1().  (Oil)  Besides  a  basic  number,  what  other  item  determines  the  sequence  of  listing  of  Air  Force  Standard 
publications? 

a.  Subject. 

b.  Data  of  publieutit)ns, 

c.  Majt)r  ct)mmand  to  which  it  applies. 

d.  Difficulty  o\  work  with  which  they  are  concerned, 

17.   (01  1 )  What  does  ^^M^^  moan  in  AFR  0-2  reference  M85-1? 

a.  Air  Force  Manual.  c.    Maintenance  publication. 

b.  Methods  and  procedures.  d.   Mechanical  series  publication. 

!S.   (012)  What  are  technical  orders  (  TOs)? 

a.  Official  government  directives  stating  how  equipment  Is  operated. 

b.  Suggestions  on  how  to  t)peraie  equipment. 

c.  Manufacturer's  directions  on  the  best  niethc)d  ot  operating  equipment. 

d.  Booklets  which  the  technician  uses  as  a  guide  for  operating  Air  Force  equipment. 

19.  (012)  What  TO  is  the  key  to  the  technical  order  system? 

a.  3M-75.  c.  0-1-32. 

b.  1-1-8.  d.  0-1-01. 

20.  r)l3)  What  publication  should  you  use  for  operation  of  a  new  type  of  pavement  saw  that  has  not  been 
incorported  into  the  TO  system? 

a.  Regulation.  c.   Manufacturer's  manual. 

b.  Air  Force  Pamphlet.  d.  Time  Compliance  TO. 
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(014)  For  what  are  TO  improvement  reports  used? 

a.  All  errors  tbund  in  TOs. 

b.  f-rrors  which  change  the  meaning  of  infonnation. 

c.  I  jTors  not  requiring  supervisor)'  appraisal. 

d.  Only  ciTors  concerning  safety. 

Which  of  the  following  activities  is  used  to  gather  information  for  the  inservice  work  plan? 

a    Base  Fitiginecr  Aulomatcd  Management  Performances. 

b.  Perlorinance  evaluations. 

c.  Haciliiy  surveys, 
u.    IG  inspections. 

(016)  Which  Air  Force  form  serves  as  a  requesting,  approval,  and  disapproval  document  for  types  of  work? 

a.  AFForm  332.  c.  AFFormll3L 

b.  AF  Form  327.  d.   AF  Fonp  1  135. 


(017)  Which  of  the  following  work  requests  should  no!  be  requested  on  a  Real  Property  Maintenance  Request 
AFFomi  1  135? 


(018)  Select  from  the  choices  below  the  situation  that  would  be  applicable  to  the  service  call  method  of 
requesting  work. 

a  a  cellar  window  is  broken, 

b  a  dish  vvastier  will  nol  start. 

c.  a  garage  tloor  in  MI'l  I  cannot  be  lowered . 

d.  electrical  power  has  been  lost  to  a  facility. 

(019)  What  is  the  primary  mission  of  the  SMART  team? 

a.  To  undertake  highly  complex  repair  jobs. 

b.  To  perfonn  unscheduled  work  that  is  generally  done  oy  various  work  centers. 

c.  To  perform  routine  maintenance  and  repair  work  on  high-use  facilities. 

d.  To  be  deployed  in  time  of  emergencies  to  augment  the  Prime  BEEF  teams. 

(020)  The  base  Civil  Engineer  Work  Order,  AF  Form  327  would  be  used  for  which  of  the  following  situation? 

a.   Repairing  loose  door  hinges.  c.   Adju.stment  on  a  self-closing  door, 

b-   Adding  to  the  tloor  arja.  d.   Replacing  a  faucet  in  a  latrine. 

(02 1 )  Who  uses  the  nomograph  side  of  the  AF  Form  2 1 67.  Job  Phase  Calculation  Sheet? 

a.  The  planner.  c.  'I'he  scheduler. 

b.  The  supervisor  and  cralisman.  d.    The  craftsman. 

(022)  Who  directs  the  preparation  of  Part  II  of  the  AF  F'oi  ni  561  ? 

a.  Chief  of  Kfograms.  c.   Chief  of  Material  Control . 

b.  Chief  of  Work  Control.  d.  ChiefofOc&M. 

(023)  What  are  the  two  methods  of  time  accounting? 

a.  Actual  time  accounting  and  proposed  time  accounting. 

b.  Actual  time  accounting  and  exception  time  accounting. 

c.  Proposed  time  accounting  and  exception  time  accounting. 

d.  Actual  time  accounting  and  labor  time  accounting. 


a.  Install  wall  with  self-help  work. 

b.  Repair  screen  door  on  MFH. 


c.  Repair  leaky  water  faucet. 

d.  Replace  broken  window  panes. 
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(024)  What  docs  the  wind  pcL  unnry  niciui? 


a  Mimcv 
h.  Peculiar, 


c.  Personal. 

d.  Neiihgenee, 


(024)  What  is  the  Ica.u  inmhUwofrc  way  to  settle  a  nione(ary  obligation  when  pecuniary  liability  is  admitted? 


i02>)  What  document  prescribes  exact  items  and  quantities  that  c.»ch  unit  may  draw  to  perform  its  mission? 


(026)  What  Ibrm  should  he  used  by  slu*rp  personnel  to  requisition  shop  equipment? 

a.  Ai-  l-orni  15K.  Hquipment  Authorization  inventory  Data. 

b.  AI-  |-orni  60 1  b.  Custodian  Request/Receipt. 

c.  AF  Form  1420.  Purchase  Order/ Voucher, 

d.  AF  Form  1441 .  Real  Property  Voucher, 

(027)  Who  is  responsible  for  maintaining  bench  stock? 

a.  Work  Control  and  Material  Control,  e.   Base  Supply  and  Work  Control. 

b.  Material  Control  and  Base  Supply  d.  The  shop  foreman. 

(028)  What  is  the  cause  of  most  deficiencies  found  during  inventories? 

a.   Loss,  c.    Human  error. 

Theft,  d.    Deliberate  falsification, 

(029)  What  is  the  color  of  the  tag  used  to  show  material  that  is  unserviceable  but  repairable? 

i'.   Red  c.  Cirecn, 

h.   White.  d.  Yellow. 

(030)  When  using  material  on  A\'  Fonii  1297.  lemporary  Issue  Receipt,  what  is  the  normal  time  period  for 
issue? 

a.  12  hours,  c.   60  days. 

b,  24  hours.  d.    120  days, 

(03 1 )  Fractions  that  have  a  denominator  that  is  small  than  the  numerator  are  called 

a,  improper  fractions,  c.   common  fractions. 

b.  inverted  fractions.  d.   proper  fractions. 

(032)  When  two  sections  of  metal  are  needed  to  form  an  item  53-3/4  inches  long,  if  one  section  is  22-i/8  inches 
long,  what  is  the  length  of  the  other  section? 


a.  Report  of  sur. cy, 

b.  Statement  of  charge^ 


c.  Cash  collection  voucher. 

d,  lYansler  and  acceptance  of  military  property. 


a.    tujuipment  authorization. 


Table  ofallowancc. 


b,   Slocklist  authorization. 


d.    US  Airl  orcc  Sujiply  Manual. 


a.  31-3/8". 

b,  31-1/2", 


c.  31-5/8", 

d.  32". 


(033)  What  i.s  the  decimal  equivalent  of  5/16? 


a.  ,250. 

b,  .27.S. 
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■\2.  (033)  When  working  problciv.s  with  decimals,  it  is  important  to  keep  the  decimals  alitmed  vertically  when  doing 

a.   multiplication  and  subtraction.  c.   addition  and  multiplication, 

h.   subtraction  and  addition.  d.   addition  and  division. 

43.  (034)  Using  figure  3-()  find  the  metric  size  of  a  15/16  diameter  twist  drill. 

a.  1)^375  cm.  I  1.9060mm. 

b.  0.234375mnK  23.8120mm. 

44.  (034)  The  metric  system  ol  measurement  is  based  on  the  unit  ol 

.J  c.   the  dollar 

^  d.   the  French  (ranc. 

45.  (035)  Which  formula  listed  below  is  used  to  fitid  the  area  ot  a  rectaniile'.^ 

A      4  A  hh. 

b.   A   -  ^  A  =bc. 

46.  (036)  Mensuration  deals  with  the  measurement  iif  angles,  linges, 

a.  surfaces,  and  solids.  c.    curved  lines  and  squares. 

b.  surf     sand  cylinders.  d.   none  of  the  above . 

47.  (036)  Two  lines  that  intersect  and  form  90  degree  angles  are  said  to  be 

a.  acute.  ^'  parallel. 

b.  obtuse.  ^  perpendicular. 

48.  (037)  What  is  the  area  of  a  riiomboid  whose  sides  are  eight  inches  and  five  inches  and  whose  height  is  four 
mches? 

ii    32sMin.  ^'    40  spin. 

b        sq  in.  Ntinc  of  the  above. 

49.  (038)  Which  ol  the  following  is  the  formula  fi^r  finding  the  area  of  a  circle 

a.   A  =  -rrr*.  A  =  ttc. 

\^    A  =1  Tycl.  above. 

50.  (()3S)The  part  ol  a  circle  that  is  straight  and  intersects  the  circle  at  two  points  is  :i 

a.  c'lord.  tangent. 

b,  sector.  segment. 

51 .  (039)  How  many  square  inches  of  area  are  there  on  the  curved  area  ol  a  7-inch  diameter  c>  under  with  a  height  of 
9  inches. 

a.  49,4802  square  inches.  c.    1 53 .9384  square  inches . 

b.  63  square  inches.  cl.    197.9208  square  inches. 

52.  (039)  What  is  the  volume  of  a  cone  that  has  a  diameter  of  14  inches  and  a  height  c^f  21  inches? 

a     109.956  cuble  inches.  c.    1077  5688  cubic  inches 

b     153.9384  cubic  inches.  <l     lol6..^5  M  cubic  inches 
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53.  (040)  The  tirst  step  u)  eliaiiging  iron  ore  to  s   el  takes  places  in  a 

a.  cupolii  furnace.  c.   bessenicr  converter. 

b.  blast  turnace.  d.   induction  furnace. 

54.  (040)  The  Bessemer  eom  erter  luniace  is  used  to  produce 

a.  machinery  steel  and  stnictural  steel.  c.   pig  iron,  cast  iron  and  iron  alloys. 

b.  high-grade  allo>  tool  steel.  d.   about  90  percent  of  all  steel. 

55.  (041)  Complicated  sliapcs  m  inclal  wotk  may  he  made  by 

a.  sand  casting.  c.  drawmg. 

b.  die  casting.  d.    liot  working. 

56.  (041 )  Exti-uded  parts  arc  made  by 

a.  pushing  metal  through  a  die.  c.   piercing  a  bar  of  hot  metal. 

b.  drawing  metal  throin;h  a  roll.  d.   pulling  metal  through  a  die. 

57.  (042)  When  the  hardness  of  a  metal  is  increased  which  of  the  following  usually  increases? 

a.  Ductility.  c.   Shear  strength. 

b.  Brittlcness.  d.   Machanical  properties. 

58.  (042)  The  clastic  limit  of  a  piece  of  metal  is  the  point 

a.  ju.st  before  the  permanent  stretched  condition. 

b.  just  after  a  metal  is  bent. 

c.  a  metal  returns  to  when  bent. 

d.  all  of  the  ab(^ve. 

59.  (04.^)  Which  oflhc  following  contain  only  nnnferrous  metals? 

a.  Aluminutn,  cojypcr.  and  titanium. 

b.  Magnesium,  nickel  and  stainless  steel. 

c.  Titanium,  stainless  steel,  and  magnesium. 

d.  Cast  iron,  copper  and  alloy  steel, 

60.  (044)  What  metal  is  coated  with  zinc  to  form  galvanized  iron? 

a.  Pig  iron.  c.   Carbon  steel. 

b.  Black  iron.  d.   Tin  plate  alloy. 

6 1 .  (045)  The  two  major  factors  that  determine  the  properties  of  a  metal  are 

a.  the  ferrite  and  austenite  content. 

b.  the  pearlite  and  cementite  content. 

c.  chemical  composition  and  gain  structure. 

d.  chemical  composition  and  mechanical  mixture. 

62.  (045)  When  do  the  grain  boundaries  collapse  forming  smaller  grain  structure  in  metals'^ 

a.  When  the  recrystalli/ation  temperature  is  reached. 

b.  When  carbon  is  mechanically  mixed  in. 

c.  When  the  temperature  goes  above  recrystallization. 

d.  Only  when  a  chemical  solution  is  made. 
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63.  (046)  What  prevents  soft  solder  from  adhering  to  aluminum  ? 

a.  Oxidation  of  the  surface  when  heated. 

b.  Lead  solder  will  not  allow  with  aluminum. 

c .  The  d i  f fo i  e nee  i  n  hea t  e  x pa  n s  io  n . 

d.  Too  wide  a  variation  in  gr  un  structure. 

64.  (046)  Aluminum  idcntilicd  with  the  number  1  1 30-H14  contains  what  percent  ol  pure  aluminum? 


63.   (047)  Steel  listed  in  the  SAB  (Society  of  Automotive  Engineers)  code  as  1077  steel  contains  what  percent  of 
carbon? 


66.  (048)  To  identify  an  unknown  steel  by  the  spark  test,  you  should 

a.  watch  for  white  smoke  while  grining. 

b.  watch  for black  spot  and  long  slender  sparks. 

c.  compare  its  spark  stream  with  that  of  a  known  steel . 

d.  compare  the  luster  of  the  ground  area  to  an  unground  area. 

67.  (048)  Which  of  the  following  tests  are  used  to  identify  weldable  and  nonweldable  aluminum? 

a.  Flame.  e.   Nitric  sulphate. 

b.  Caustic  sixla.  d.    Heat  and  quench. 

68.  (049)  Color  code  on  metal  stock  can  be  read 

a.  from  the  end  of  the  stock.  c.   from  either  end  towards  the  center 

b.  from  thecenter  of  the  stock.  d.   from  the  long  portion  of  the  stock. 

69.  (030)  Copj)er  is  often  addeu  to  other  metals  in  order  to 

a.  increase  corrosion  resistance.  c.   lower  the  melting  point. 

b.  give  it  a  crystal  appearance.  d.   increase  elasticity. 

70.  (051)  The  process  of  hardening  metal  is  used  to  increase  its  hardness,  strength  and  lessen  its 

a.  ductility.  c.   tensile  strength. 

b.  brittlencss.  d.   all  of  the  above. 

71.  (05 1 )  Why  is  it  important  to  clean  a  cold  chisel  before  tempering  it? 

a.  Cleaning  is  not  necessary. 

b.  To  insure  accurate  surface  color. 

c.  To  insure  proper  cooling  when  it  is  quenched. 

d.  To  reduce  the  amount  of  heat  required  to  reach  the  proper  temperature. 

72.  (052)  Phosphoric  Acid  (Mil-M- 10578)  is  intended  to  be  used  to  remove  corrosion  from 

a.  aluminum.  c.   ferrous  metals. 

b.  non-lerrous  metals.  d.   all  of  the  above . 

7.^.   (052)  Why  shouldn't  you  use  Alkali  Corrosion  Remover  Mil-C- 14460  on  aluminum? 

a.  It  discolors  the  metal.  c.   It  reduces  metal  corrosion  resistance. 

b.  h  dissolves  he  metal.  d.   It  reduces  metal  weldability. 


a.  30. (X) 

b.  99.00 


e.  99.30 
d.  11.30 


a.  0.77 

b.  7.7. 


c.  1.7. 

d.  1.0 
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74.   (053)  What  cleleniiincs  what  organ  i>r  body  system  that  may  be  atTcclcd  by  solvents? 

a.  The  speeifie  solvent  involved.  c.    Protective  clothing  used. 

b.  The  amount  of  exposure.  d.    hidividual  tolerance. 

1>    ((),S4)  How  should  you  select  a  chemical  tor  ci>rrosion  removal? 

a.  Always  select  a  non-lo\ic  chemical. 

b.  Always  scleel  acid  base  compounds. 

c.  Always  select  alkali  base  compounds. 

d.  Always  select  the  least  toxic  compound  that  will  p.oducc  satisfactory  results. 


END  OF  EXERCISE 
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STUDENT  REQUEST  FOR  ASSISTANCE 


PRIVACY  ACT  STATEMENT 

AUTHORITY  »  O  USC  80  1  2  jn  d  E  O  9  3  9  7 .  P  R  iNC  I P  A  U  P  U  R  POSE  S  :  T  o  pro  vide  n  ud«n  t  *  icli  n  ce  *  i  r  equ  eiled  by  I  ndl  vidu  al  it  u  de  n  t ».  ROUTINE 
USESt  Thii  form  ii  ihipped  with  ECl  courie  PjickaQe.  It  It  ultllied  by  the  itudent,  jt  needed,  to  place  an  Inquiry  with  ECl.  DISCLOSURE:  Voluntary. 
The  inf otkTialion  requeited  on  tnii  »orm  ii  needed  for  eMpedillout  handling  ol  the  tludent'i  need.  Failure  to  provide  all  information  would  r«iult  In 
«tower  action  or  iriabiKty  to  provide  jttitt^nce  to  the  ttudcnt. 
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f      NAMe  or  «ASK  OR  INST  A  UU  AT  ION  IF  NOT  fTMOWN  ABOVE 


10.  TCtTCONTROUOrriCC  ZIP  CODC/ftHFlCO  (3  J  3»| 


SECTION  II:   REQUEST  FOR  MATER  I ALS  ,  RECORDS ,  OR  SERVICE 


(I'laiC  an  A  '  ihntu^h  tU4nitn'r  in  hux  ro  left  of  scrvtcv  rcqucstvJl 


FOR  ECI  USE  ONLY 


Request  address  change  as  indicated  in  Section  1. 

Request  Test  Control  Office  change  as  indicated  in  Section 

Request  name  change/correction 
(Provide  Old  or  incorrect  data) 

Request  Grade/Rank  change/correction. 


K 


Correct  SSAN.  (List  incorrect  SSAN  here) 
(Correct  SSAN  should  be  shown  in  Section  I) 


Extend  course  completion  date.  (Justify  in  REMARKS) 
Request  enrollment  cancellation. 
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Send  VRE  answer  sheet!  for  Vol(s);   1  23456789 
Origlnalf  were:    M  Not  received      (  1  Lost     [.1  Miiuittd 

Send  course  matenili.     (Specify  in  REMARKS) 
I  t  Not  received      I  ]  Lost       1  I  Damaged 

Course  exem  not  yet  received,  final  VRE  submitted  for  griding  on 

Results'for  VRE  Vol(s)  1  2  3  4  5  6  7  8  9  not  yet  received. 
Answer  sheet(s)  submitted  „  (date). 

Results  for  CE  not  yet  received.  Answer  sheet  submitted  to  ECI  on  


.  (date). 


(date). 
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Previous  inquiry  (n  ECI  Fm  1  7,    □  Ltr,    □  Msg)  sent  to  EC  I  on_ 


(date). 


Give  instructional  assistance  as  requested  on  reverse. 


Other   (Explain  fully  in  REMARKS) 

RKMARKS    /(  I  nllinm-  t  nt  P  ,i  ft  v.  ' 


Vol  SS  •  39  GR  3e  -  38 


Vol  33  -  3S  TC   )f>     3  7 
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Volume   IS  it 


I  certify  that  the  inlormatlon  on  thit  form  ii  accurate  and  that  this  request  cannot  be 
antwared  at  thi»  itatlon  {St^tnatun} 


OJT  STUDENTS  muit  have  Iheir  OJT  Adminitlrator 
certify  thli  requail. 


ALL  OTHER  STUDENTS  m»y  certify  thair  own  rtqueitt. 
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SECTION  III;   REQUEST  FOR  INSTRUCTOR  ASSISTANCE 

NOTE:    Questions  or  comments  relating  to  the  accuracy  or  currency  of  subjact  matter  should  be  forwarded  directly  to  preparing  agency. 
For  an  immediate  response  to  these  questions,  call  or  write  the  course  author  directly*  using  the  AUTOVON  number  or  address  in  the 
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Preface 


IN  THIS  VOLUME.  \vc  study  the  sheet  metal  tools  and  equipment  that  you  will  use  in 
your  future  work  on  the  job.  We  discuss  proper  care  and  maintenance  of  the  tools  and 
equipment  as  well  as  how  to  use  them. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  product,  commodity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the 
Air  Force. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this  volume 
to  the  course  author:  3770  TCHTG/TTGIC.  ATTN:  MSgt  Arnold  D.  Ringstad.  Sheppard 
AFB  TX  76311.  If  you  need  an  immediate  response,  call  the  author,  AUTOVON 
736-2879,  between  0800  and  1600  (CST),  Monday  through  Friday.  (NOTE:  Do  not  use 
the  suggestion  program  to  submit  changes  or  corrections  for  this  course.) 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECTs 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  this  person  can't  answer  your  questions,  send 
them  to  ECI,  Gunter  AFS  AL  361  18,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  1 8  hours  (6  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  June  1982. 
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CHAPTER  1 


^ 


Cutting  Tools  and  Equipment 


IN  THIS  CHAPTER,  you  will  study  about  many  of  the 
specialized  tools  and  machines  used  for  cutting  sheet  metal. 
The  chapter  contains  objectives  which  concern  maintenance 
of  tools  and  equipment:  hand  snips  and  shears;  shearing 
equipment;  saws;  and  files,  chisels,  and  grinders.  The  large 
shearing  equipment  includes  the  manually  operated 
squaring  shears,  power  operated  squaring  shears,  and  gap 
squaring  shears.  The  small  shearing  equipment  includes 
utility  shears,  throatless  shears,  scroll  shears,  circle  shears, 
ring  and  circle  shears,  and  unishears.  Safety  precautions  are 
discussed  where  applicable. 

The  text,  illustrations,  and  questions  will  help  you 
increase  your  knowledge  and  understanding  of  the  purpose, 
function,  use,  and  maintenance  of  sheet  metal  cutting 
equipment  as  specified  in  your  Specialty  Training  Standard. 
This  chapter  will  also  help  you  understand  and  apply  safety 
practices  and  rules  which  are  important.  By  following 
accepted  accident  prevention  techniques,  you  can  eliminate 
^accidents  when  working  with  sheet  metal  equipment.  In 
fact,  safe  operation  of  equipment  may  save  your  hands, 
fingers,  or  eyes. 

The  information  you  learn  from  this  chapter  will  not  only 
help  you  answer  examination  questions  correctly  but  will 
also  be  used  frequently  during  and  after  your  training 
period.  For  example,  you  will  be  selecting  cutting  devices 
to  cut  various  shaped  articles  from  flat  sheets,  round  stock, 
and  angle  iron.  You  must  be  able  to  select  the  proper 
equipment  and  use  it  correctly  in  order  to  produce  articles 
of  acceptable  size  and  shape.  You  will  repeatedly  find  that 
proper  operation  and  maintenance  of  tools  and  equipment 
are  important.  There  is  an  old  saying  among  sheet 
metalworkers:  *'You  can  tell  the  way  a  person  does  a  job  by 
the  condition  of  the  tools.'' 

1-1.  Maintenance  of  Tools  and  Equipment 

To  get  the  maximum  benefit  from  any  tool  or  piece  of 
equipment,  we  need  two  things — a  trained  operator  and 
equipment  that  has  been  well  maintained.  As  you  gain 
experience,  you  will  learn  how  to  maintain  specific  tools 
and  equipment.  For  example,  cutting  equipment  must  be 
oiled,  sharpened  V  adjusted,  and  used  only  for  jobs  for  which 
it  was  designed.  You  should  never  overload  a  machine  by 
cutting  or  bending  material  that  is  heavier  than  the  capacity 
of  the  machine.  The  care  and  maintenance  of  most  tools  and 
equipment  is  discussed  in  the  various  objectives  concerning 
f  each  specific  item.  General  and  specific  rules  should  be 
posted  (and  enforced)  in  every  shop  as  to  the  use,  care,  and 
repair  of  all  tools  and  equipment.  These  general  and 


specific  rules  should  also  include  safety  precautions  from 
.such  sources  as  manuracuuci's  handbooks,  and  technical 
manuals. 

200.  State  the  etTocls  of  improper  storage  and  care  of 
tools. 

Most  of  the  suggestions  of  ''don't"  and  ''do"  which 
follow  are  self-evident;  nevertheless,  they  serve  to 
emphasize  the  imponance  of  proper  tool  use  and  care. 

Dont  pile  handtools  on  top  of  one  another  on  the 
workbench  or  in  the  toolbox.  When  tools,  such  as  snips, 
files,  hacksaws,  chisels,  and  hammers,  are  scattered  and 
piled  on  the  bench,  they  may  become  damaged.  If  tools  are 
piled  upon  each  other,  the  tool  you  want  always  seems  to  be 
on  the  bottom  of  the  pile;  therefore,  time  is  lost. 

Dont  put  a  tool  away  without  first  cleaning  it,  especially 
if  the  tool  is  wet  or  has  been  used  on  oily  material.  Excess 
oil  will  pick  up  dirt  and  dust,  and  moisture  will  cause  the 
tool  to  rust.  Remember,  too,  that  some  greases  and  oils 
have  corrosive  properties  that  may  damage  the  finish  on  the 
tool. 

Don't  leave  tools  or  any  other  articles  on  beams,  rafters, 
or  any  other  overhead  location.  The  least  that  could  happen 
(besides  forgetting  where  you  left  it)  would  be  a  broken 
tool,  and  the  worst  thing  could  be  injury,  should  it  drop  on 
anyone  below. 

Don't  use  screwdrivers  for  chisels. 

Don't  overload  cutting  machines  by  exceeding  the 
recommended  cutting  capacity. 

Do  keep  hand,  bench,  and  power  tools  sharp,  properly 
adjusted,  and  in  top  mechanical  condition  at  all  times. 

Do  have  a  regular  and  definite  time  every  day  to 
inventory  your  tools  and  check  their  condition. 

Do  sharpen,  adjust,  and/or  repair  (if  the  tool  is  reparable) 
any  tool  needing  such  maintenance.  If  tools  are  not 
reparable,  have  them  replaced. 

The  items  of  cutting  equipment  in  your  shop  should  have 
maintenance  performed  on  them  at  different  intervals.  A 
maintenance  record  folder  is  kept  on  the  equipment  to  log 
any  maintenance  that  has  been  performed  and  when  it  was 
performed.  Manufacturers'  handbooks  or  technical  manuals 
for  the  equipment  contain  detailed  instructions  concerning 
frequency  of  inspections  and  servicing  procedures.  For 
example,  the  inspection  on  a  power  cutoff  saw  is  usually 
accomplished  every  90  days  and  includes  inspection  for 
damage,  wear,  and  fluid  condition.  Maintenance  of  a 
typical  power  cutoff  saw  includes  lubrication  where 
required,  making  adjustments  as  needed,  cleaning  the 
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cutting  Huid  strainer  and  reservoir,  refilling  u  ith  clean  Huid 
of  the  eoiTcct  mixture,  cleaning  all  unpainted  parts  with  a 
slightly  oiled  rag,  and  cleaning  all  painted  parts  with  a  dr>' 
rag  or  with  a  rag  mcMstened  with  soap  and  water.  The  pow  er 
cutoff  saw  blade  may  or  may  not  be  replaced  during 
preventive  maintenance,  since  it  is  usually  replaced  by  the 
operator  as  needed. 

The  preventive  maintenance  performed  on  other  sheet 
metal  cuttip.e  equipment  is  similar  to  the  items  listed  for  the 
power  cutotl  sci,.  except  for  the  cutting  fluid  and  strainer. 

Other  repair  on  pieces  of  sheet  meral  cutting  equipment 
may  be  performed  by  personnel  from  civil  engineer  shops 
or  at  a  depot. 

Exercises  (200): 

i.   What  will  probably  result  if  tools  arc  stored  on  top  of 
each  other? 


2,   What  damage  may  be  caused  if  tools  are  left  with 
excessive  oil  on  them? 


201.  Identify  unsafe  work  area  safety  practices,  and 
relate  various  flammable  materials  with  classes  of  fire. 

Work  Area  Safety  Practices.  Your  work  area  may 
contain  many  potential  hazards  if  you  fail  to  apply  the 
safety  rules  established  for  your  protection.  These  rules  will 
make  you  aware  of  some  of  the  things  you  should  or  should 
not  do.  The  following  rules  are  of  a  general  nature.  Your 
shop  will  have  specific  rules  which  are  an  extension  of  these 
general  rules. 

Housekeeping.  Poor  housekeeping  is  not  keeping  your 
work  area  clean  and  orderly;  it  can  result  in  broken  bones, 
cuts,  bruises,  bums,  and  other  injuries.  To  prevent  these 
injuries,  you  must  practice  good  housekeeping.  Some  of  the 
important  items  to  consider  in  keeping  your  house  in  order 
are: 

a.  Keep  all  floors  and  walkways  clean,  dry,  and  free 
from  spilled  oil,  fuel,  or  other  contaminants.  If  these  items 
are  spilled,  clean  them  up  immediately.  Slipping  and  falling 
could  result  in  a  serious  injury  to  you  or  someone  else, 

b.  Make  sure  that  your  shop  or  any  area  you  work  in  is 
adequately  ventilated.  Vapors  from  fuels,  oil,  gases,  acids, 
and  chemicals  are  injurious  to  your  health, 

c.  Keep  occupied  working  areas  well  lighted.  You 
cannot  work  efficiently  and  safely  without  sufficient 
lighting.  Replace  burned-out  lamps  and  fuses  immediately, 

J,  Don't  leave  tools  scattered  about  on  floors, 
workstands,  or  other  places.  Always  use  the  cabinets  and 
toolboxes  provided  for  them, 

e.  Don't  struggle  with  a  toolbox  that  is  too  heavy  to 
handle  conveniently.  People  have  been  known  to  rupture 
themselves  handling  excessively  heavy  toolboxes.  Divide 
your  tools  so  that  you  can  handle  them  without  strain. 


./'.  Don't  clutter  your  work  area  with  unnecessary^ 
equipment.  If  you  do  not  intend  to  use  an  item  immediately, 
store  it  in  its  proper  place.  ^ 

t;.  Keep  all  ropes,  chains,  cables,  hoses,  and  electrical 
extension  cords  properly  stowed  when  not  in  use, 

h.  Provide  suitable  waste  containers  and  insure  that 
waste  is  disposed  of  properly.  Extra  care  is  required  in 
disposing  of  glass, 

/,  Inspect  your  shop  frequently  for  protruding  nails,  bolt 
ends,  and  other  sharp  points  that  might  cause  injur>'.  Have 
broken  window  and  door  glasses  replaced  promptly, 

y.  Insure  that  water  fountains,  lunch  areas,  and  personnel 
clothing  lockers  are  kept  clean  and  sanitary.  Illness  caused 
by  contaminated  water  and  food  can  often  become  more 
serious  than  most  accidents. 

Horseplay.  Some  of  the  common  varieties  of  horseplay 
are  pushing,  tripping,  directing  compressed  air  toward  a 
friend,  shocking  a  friend  with  electricity,  or  applying  the 
hotfoot.  Any  kind  of  horseplay  can  result  in  sudden  and 
serious  injury  or  death.  Injuries  or  deaths  resulting  from 
horseplay  cannot  be  justified  or  even  explained.  Horseplay 
in  any  Air  Force  shop  or  on  any  job  is  strictly  forbidden. 

Improper  working  methods.  Equipment  with  exposed 
moving  parts  (belts,  chains,  flywheels,  moving  arms,  etc) 
can  be  a  serious  safety  hazard  unless  care  is  exercised 
during  its  operation  and  maintenance.  While  most  moving 
parts  of  machinery  are  inclosed  in  protective  guards, 
alertness  on  the  part  of  the  operator  is  essential.  Gloves  and 
loose  clothing,  particularly  large  loose  sleeves,  should  not 
be  worn  around  moving  machinery.  Just  stop  for  a  moment  j 
and  visualize  what  would  happen  if  your  sleeve  should 
become  caught  in  a  drivebelt  or  chain.  You  would  be  lucky 
to  escape  with  your  life. 

Any  adju.^meit,  cleaning,  lubrication,  or  repair  of 
moving  machinery  should  be  done  with  the  device  stopped 
if  at  all  possible.  If  ii  is  not  possible  to  stop  the  device,  you 
must  take  extreme  care  to  prevent  serious  injury. 

Fire  Hazards.  Materials  that  bum  readily  or  quickly  can 
constitute  a  fire  hazard  if  not  controlled.  As  a  metal 
fabricating  specialist,  you  must  work  around  flammable 
materials.  These  materials  may  be  solids,  liquids,  or  gases. 
Good  housekeeping  is  essential  in  the  effective  prevention 
of  fires.  If  you  let  waste,  rubbish,  and  other  residue 
accumulate,  they  are  a  source  of  fire.  Oily  rags,  for 
example,  can  ignite  by  spontaneous  combustion.  You  can 
prevent  fires  of  this  type  by  storing  oily  rags  in  a  covered 
metal  container. 

Another  serious  fire  hazard  is  the  accumulation  of  asphalt 
and  tar  vapors,  fuel  vapors,  sewer  gases,  paint  vapors,  and 
other  items  of  this  nature.  To  minimize  this  type  of  hazard, 
follow  safety  rules  and  keep  the  facility  you  work  in  clean 
and  well  ventilated.  Prevent  fires  whenever  you  can,  but 
you  must  also  know  something  about  the  four  classes  of 
fires  and  the  extinguishers  used  to  fight  them.  Your  prompt 
action  might  make  the  difference  between  a  followup  check 
by  the  fire  department  and  a  major  fire  that  endangers  many 
lives. 

Classes  of  Fires  and  Extinguishers.  Fires  are  grouped 
into  four  general  classes,  each  of  which  can  be  extinguished 
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by  a  particular  agent.  Because  all  fire  extinguishing  agents 
cannot  be  used  on  all  types  of  tires,  this  classification  lets 
you  use  the  agent  best  suited  for  fighting  a  particular  fire.  If 
you  use  a  class  A  extinguisher,  for  instance,  on  a  class  B 
fire,  instead  of  putting  the  fire  out,  you  spread  it. 

Class  A  firc\K  txrc  fires  occurring  in  wood,  clothing,  paper, 
rags,  and  other  items  of  this  nature.  This  tyne  of  fire  can 
usually  be  handled  effectively  with  gas  and  water.  Water 
provides  the  cooling  and  quenching  effect  to  put  out  the 
fire.  The  gas  merely  forces  the  water  out  through  the  hose. 
You  may  also  use  the  soda-acid  type  extinguisher  or  the 
fo:uii  type  extinguisher  on  class  A  fires. 

Class  B  fin's  occur  in  naninvablc  liquids  such  as  asphalts, 
tars,  gasoline,  fuel  oil,  lube  oil,  grease,  some  solvents, 
paints,  etc.  The  agents  for  extinguishing  this  type  of  fire 
dilute  or  eliminate  the  air  by  blanketing  the  surface  of  the 
fire.  This  action  creates  a  smothering  effect.  The  types  of 
fire  extinguishers  for  use  on  class  B  fires  are  foam,  carbon 
dioxide,  and  dry  chemical.  The  dry  chemical  units  contain  a 
dry  powder,  usually  sodium  bicarbonate,  and  an  activating 
agent  of  carbon  dioxide  or  nitrogen  gas.  The  dry  chemical 
extinguisher  is  also  used  on  closs  C  and  class  D  fires. 

Class  C  fires  are  fires  in  electrical  equipment  and 
facilities.  The  extinguishing  agent  for  this  type  of  fire  must 
be  a  nonconductor  of  electricity  and  provide  a  smothering 
effect.  The  dry  chemical  extinguisher  is  used  for  this 
purpose . 

Class  D  fires  occur  in  combustible  metals  such  as 
magnesium,  potassium,  powdered  aluminum,  zinc, 
sodium,  titt^nium*  zirconium,  and  lithium.  The 
extinguishing  ugent  must  be  a  dry-powdered  compound 
which  creates  a  smothering  effect. 

In  the  case  of  any  fire,  there  are  certain  actions  required 
of  the  individual  who  discovers  the  fire.  The  first  action 
should  be  to  sound  the  alarm  and  alert  all  personnel. 
Second,  call  the  installation  fire  department  and  give  them 
exact  directions  to  the  location  of  the  fire.  These  first  two 
actions  must  be  taken  quickly.  After  they  have  been  done, 
apply  the  most  effective  measures  available  to  extinguish  or 
to  contain  the  fire.  When  you  are  assigned  to  a  new  section, 
locate  the  fire  extinguishers  in  the  area  and  be  sure  you 
know  what  kinds  are  available  and  how  to  operate  them. 

Exercises  (201): 

Write  true  or  false  beside  the  following  work  area  safetv 

practices.  Correct  false  statements. 

  1 .  Keep  occupied  working  areas  well  lighted. 


2.  Since  you  will  be  using  a  portable  drill  in  2  hours, 
its  alright  to  leave  it  on  the  workbench. 


3,  Replace  broken  windows  promptly. 


4.  A  clean  shop  means  an  inefficient  shop. 


5.  Keep  some  windows  open  in  winter  wiien  nccled 
for  vcntilatiiMi. 


6.  Leave  your  tools  in  the  places  where  you  will  use 
them. 


7.  If  possible,  stop  a  machine  before  adjusting  it. 


Match  the  items  in  column  A  with  their  re^  oective  fire 
class  in  column  B. 


Column  A 

{  1 )  Mi>encsiuiii. 

(2)  l£lccirical  equipment. 

(3)  Paper  and  raizs. 

\4)  Cjasoline  and  urease. 


Colunui  B 

.  Class  A. 

,  Class  B. 

,  Class  C. 

,  Class  D. 


1-2.  Sheet  Metal  Cutting  Tools  and  Equipment 

There  are  many  uses  for  hand  snips  and  shears,  such  as 
cuuing  out  light  gage  sheet  metal  parts.  Many  times,  when 
working  away  from  the  shop,  your  handtools  will  be  your 
only  help  in  doing  a  job.  Therefore,  it  is  necessary  for  you 
to  know  how  to  use  the  tools  in  your  toolkit.  Use  the 
appropriate  snips  or  shears  with  the  correct  capacity  for  the 
job.  The  snips  and  shears  you  will  be  using  are  for  cutting 
straight  lines,  inside  and  outside  circles,  and  irregular 
curves, 

202.  Select  the  types  of  hand  cutters  to  use  for  given 
situations. 

Hand  Snips  and  Shears.  Snips  and  shears  are  designed 
to  cut  only  sheet  metal  cutting  wire  or  rod  can  damage  the 
cutting  blades.  Keep  snips  in  good  working  condition  by 
proper  use,  snarpening  when  necessary,  applying  a  light 
coat  of  oil  to  prevent  rusting,  and  oiling  the  hinge  bolt  to 
make  operation  easier.  Hinge  bolts  in  snips  and  shears 
should  be  kept  snug  but  not  too  tight  since  a  tight  hinge  bolt 
makes  operation  harder,  while  a  loose  hinge  bolt  prevents  a 
clean  cut  because  the  metal  folds  rather  than  cuts. 
Sometimes  snips  or  shears  with  a  loose  bolt  cut  but  leave  a 
rolled  edge. 

Straight  snips.  Straight  snips  are  designed  to  cut  straight 
or  long  curved  lines  in  sheet  metal.  The  straight  snips 
shown  in  figure  1-1  are  available  with  right-hand  cut  for 
right-handed  people  and  with  left-hand  cut  for  left-handed 
people.  Use  straight  snips  for  cutting  sheet  metal  for  such 
items  as  pans,  rectangular  ducts,  and  other  similar  jobs. 
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With  Straight  snips  you  can  cut  sheet  mcial  from  30  to  20 
gage  with  very  little  elYort.  Bulluog  snips  (not  illustrated) 
can  he  used  for  cutting  sheet  metal  Iroiii  20  to  16  gage, 
although  it  is  dilTicult  to  cut  these  heavier  gages  with  hand 
operated  snips. 

DouhlC'CUttwi^  shears.  Double-cutting  shears  have  a 
cutting  edge  on  both  sides  of  the  blade  and  can  cut  on  cither 
side,  as  their  name  suggests.  These  shears  arc  useful  when 
cutting  sections  of  vents  or  round  conductors  for  gutters. 
For  instance,  if  you  need  to  cut  a  3-foot  piece  of  vent  pipe 
from  a  10-foot  joint,  start  a  hole  large  enough  to  insert  the 
cutting  blade,  A  !/2Mnch  cold  chisel  easily  cuts  the  starter 
hole.  The  hole  should  be  made  close  to  the  scam  s*nce  tho 
metal  is  stiff  at  this  point  .:nd  cuts  easier.  When  making 
cuts  away  from  the  shop,  you  normally  have  to  crimp  one 
end  of  the  joint  so  it  will  slip  inside  another.  Double-cutting 
shears  usually  have  a  crimping  device  which  can  be  used. 
These  shears  are  for  light  gage  metal,  so  do  not  attempt  to 
cut  through  the  seam  where  the  metal  is  much  thicker. 
Straight  snips  should  be  u.sed  to  cut  the  seams. 

Aviation  snips.  The  aviation  snips  which  you  will  be 
using  are  illustrated  in  figure  1-2.  They  arc  available  in  left- 
or  right-hand  cut.  This  means  [wo  pairs  of  snips  are 
required,  one  for  cutting  to  the  left  and  one  for  cutting  to  the 
right.  It  does  not  mean  that  they  are  made  for  left-  and 
right-handed  people  as  in  the  case  of  straight  snips.  The 
blades  of  aviation  snips  are  designed  to  cut  small  holes  and 
irregular  outlines  in  heat-treated  aluminum  alloy  or 
stainless  steel.  The  handles  are  of  the  compound  lever  type 
and  can  cut  mild  steel  as  thick  as  16  gage.  You  will  find 
these  snips  very  useful  in  the  field  for  cutting  any  shape  of 
hole  in  ducts»  panels,  and  similar  jobs. 

Exercises  (202): 

From  the  list  of  hand  shears  ar.d  snips  select  the  type  of 
hand  cutter  you  should  use  for  the  situation. 


3. 


Situation 

Vou  must  cut  a  5-inch  26-gagc 
vent  pipe  in  half. 

You  must  cut  a  small  hole  in  16- 
gagc  steel. 

A  rectangular  duct  must  be  cut 
from  30-gage  sheet  metal. 
You  must  notch  sonie  16-gage 
sheet  metal. 


Snips  and  Shears 

Aviation  snips . 
Straight  snips. 
Bulldog  snips. 
Duuble-cutting 
shears. 


203,  Identify  (he  parts  of  a  sqinuui^  shear  bv  (heir 
fiiiictio:!,  and  cite  the  steps  in  operating  a  squaring 
shear.  i 


for  the  sheet 
(he  amount  of 
therefore,  one 


Although  liaiidtools  aie  iiuiispensable 
metalworker,  a  person  is  very  liniitrd  in 
material  he  or  she  can  produce  by  hand: 
continually  strives  for  greater  production  or  easier  ways  to 
turn  out  work.  Because  of  this  necessity  for  increased 
production  fo  meet  demands,  hihorsaving  machines  are 
constantly  being  perfected.  Within  each  field,  every  sheet 
tiietaKvori<er  is  a  machine  operator  in  addition  to  having 
other  skills. 

One  thinu  to  renicmher  when  you  r.ro  usinj;  any  sheet 
metal  machine  is  that  it  has  a  specific  limit  as  to  what 
materials  it  can  process.  If  the  metal  is  too  thick,  the 
machine  can  he  damaged.  Posted  on  each  machine  is  the 
manufacturer's  data  plate  which  tells  the  capacity  of  the 
machine.  Read  this  information  carefully  and  follow  the 
instructions. 

Do  not  attempt  to  use  shearing  equipment  unless  you 
have  received  checkout  instructions  and  arc  authorized  to 
operate  such  equipment. 

Power-Operated  Squaring  Shear.  Squaring  shears, 
illustrated  in  figure  1-3,  provide  a  convenient  means  of 
cutting  and  squaring  .sheet  metal,  li  is  important  to  learn 
how  to  use  this  tool  hecause  it  will,  among  other  things, 
increase  production. 

This  machine  consists  of  a  lower  blade  that  is  .stationary 
on  the  bed  of  the  shear,  an  upper  blade  that  is  attached  to  the  ^ 
crosshead,  and  holddown  clamps  (fig.  1-3, A)  to  hold  thefl 
metal  .securely  during  cutting.  The  holddown  clamp  allows^ 
you  to  get  your  hands  out  of  the  way  during  the  cutting 
operation.  The  bed  of  the  power  shears  has  extension  arms 
(fig.  1 -3, B)  which  provide  support  for  long  sheets  of  metal. 

At  the  left  end  of  the  bed  is  a  guide  (side  gage,  fig.  1- 
3,C)  graduated  in  sixteenths  of  an  inch.  This  guide  can  be 
used  as  a  measuring  scale  for  cutting  .short  lengths  of  metal. 
It  also  keeps  the  metal  .square  with  the  blade.  The  on-off 
switch  (fig.  1-3,D)  is  mounted  on  the  control  box.  The  on- 
off  switch  should  always  be  in  a  handy  location. 

The  back  gage  is  not  shown  in  figure  1-3  but  is  a  very 
useful  part  of  the  shear.  The  back  gage  is  adjustable  forward 
and  backward,  depending  on  the  length  of  metal  required 
There  is  no  need  to  measure  between  the  back  gage  and  the 
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Figure  1-2.  .\viation  snips 


ERIC 


A.  Holdown  c.  Side  gage  E.  Treadle 

B.  [-.Mcnsion  arms  D.  ON-()FH  switch  F.  Safely  guard 


Figure  1-3.  Power-operated  squaring  shear. 


fixed  horizontal  blade  because  all  measurements  can  be 
read  on  the  back  gage,  which  is  graduated  in  sixty-fourths 
of  an  inch. 

Before  operating  power  shears  you  should  check  the 
machine  to  see  that  it  is  clear  of  material  and  personnel.  For 
instance,  someone  might  be  making  repairs  behind  the 
".achinc.  If  power  to  the  machine  is  turned  off,  there  is 
usually  a  reason:  therefore,  check  with  your  supervisor  for 
the  cause.  In  some  shops  a  "Caution  Repair"  tag  may  be 
used  to  identify  the  status  of  the  machine.  If  there  is  such  a 
tag  on  the  machine,  do  not  attempt  to  remove  the  tag.  The 
person  making  repairs  will  do  the  removing  when  the  work 
has  been  completed.  The  machines  you  use  are  equipped 
with  guards  for  your  protection,  and  they  should  never  be 
removed,  except  when  the  machine  is  being  repaired.  The 
blade  guard  is  not  visible  in  figure  1-3,F;  because  it  is 
located  between  the  holddown  and  cutting  blade.  The  blade 
guard  is  designed  to  keep  your  hands  and  fingers  away  from 
the  cutting  blades  during  operation  of  the  machine.  Wheel 
and  belt  guards  are  provided  to  protect  personnel  and  to 
keep  foreign  objects  from  being  caught  in  the  moving  parts. 

The  steps  in  sequence  to  cut  a  piece  of  metal  are:  make 
certain  the  cutting  blades  are  clear,  set  the  back  gage,  start 
the  motor  by  depressing  the  on  switch  and  allowing  the 
motor  to  reach  full  rpm.  Then  place  the  rr,etal  to  be  cut  in 
the  shear,  and  depress  the  treadle  (fig.  1-3,E)  to  make  the 
cut.  Be  sure  to  turn  off  the  shears  after  all  cuts  are  made  and 
remove  the  material  that  has  just  been  cut. 


By  depressing  the  treadle,  you  engage  an  automatic 
clutch  which  sets  the  shearing  blade  in  action.  When  set  for 
single  the  shears  go  through  only  one  cycle  of  action  each 
time  the  treadle  is  depressed  and  released.  If  continuous 
operations  are  desired,  move  the  clutch  shift  crank  to 
multicut,  and  simply  continue  to  hold  the  treadle  in  the 
DOWN  position.  Once  the  treadle  is  released,  the  machine 
stops  when  it  completes  the  cycle  of  operation. 

Manually  Operated  Squaring  Shear.  These  shears  are 
a  great  deal  like  power-operated  squaring  shears  except  that 
the  foot  supplies  the  action  and  power  required  to  operate 
the  cutting  blade.  In  addition,  the  back  gage  and  holddown 
handles  are  manually  operated.  True,  there  aic  quite  a 
variety  of  foot  operated  shears  manufactured,  but  basically 
they  are  all  made  the  same.  If  you  can  operate  one 
succesfuUy,  you  can  operate  the  others. 

The  shear  illustrated  in  figure  1-4  has  a  large  spring  at 
each  end  of  the  housing  which  raises  the  blade  when 
pressure  is  removed  from  the  treadle.  A  scale,  graduated  in 
fractions  of  an  inch,  is  scribed  on  the  bed  as  a  guide  for 
cutting  correct  lengths.  At  each  end  of  the  bed  there  is  a  side 
gage  which  aids  in  keeping  the  metal  square  with  the 
blades.  If,  after  several  cuts  are  made,  the  cut  is  not  square, 
the  error  could  be  yours  or  the  side  gage.  If  it's  the  latter, 
have  your  supervisor  readjust  the  side  gage.  If  it  is 
necessary  to  cut  long  sheets  of  metal  that  must  be  pushed 
from  the  back  side,  the  extension  arms  can  be  used  in 
conjunction  with  the  front  gage.  The  sheet  metal  gage  limit 
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of  this  particular  shearing  machine  is  usually  Uvgauc  mild 
carbon  stcci.  If  the  metal  is  heavier,  use  power  shears. 

The  holddown  attachment  on  foot-operated  shears  can  be 
either  spring  actuated  or  manually  controlled.  These 
holddowns,  if  adjusted  properly,  have  a  decided  advantage 
over  handholding  the  materials,  which  us'ially  allows  the 
material  to  slip,  causing  inaccurate  cuts. 

The  squaring  shears  perform  many  necessary  operations 
which  save  a  great  deal  of  work.  These  jobs  are  cutting  to  a 
line,  squaring,  and  multiple  cutting  to  a  specific  size.  When 
cutting  to  a  line,  place  the  sheet  on  the  bed  of  the  shear  in 
front  of  the  cutting  blade.  Place  the  cutting  line  even  with 
the  cutting  ahic  of  the  bed.  Pull  the  holddown  handles 
forward  to  lock  the  metal  in  place.  Then  cut  the  material  by 
stepping  on  the  lieaule,  which  initiates  the  cutting  cycle. 

Squaring  a  piece  of  metal  requires  several  steps,  the  first 
of  which  is  the  trimming  of  one  edge.  This  is  done  by 
i.is  i\g  the  metal  between  the  blades  of  the  shears  and 
cutting  off  approximately  one-quarter  of  an  inch  of  metal. 
The  remaining  edges  are  squared  by  holding  a  trimmed 
eoge  against  the  side  gage  and  making  the  remaining  cuts, 
one  edge  at  a  time,  until  all  edges  have  been  squared. 

When  cuuing  several  pieces  of  metal  to  the  same 
dimensions,  use  the  back  gage  (production  gage).  This 
gaging  device,  shown  in  figure  1-4,  consists  of  two  support 
rods  graduated  in  fractions  of  an  inch,  and  a  square  fence 
that  can  be  set  at  any  point  on  the  support  rods.  To  use  the 
gage,  set  the  squaring  fence  at  the  desired  distance  from  the 
cutting  blade  by  loosening  the  locking  knobs  and  turning 
the  adjusting  knobs.  Lock  the  fence  in  position  after  all 
adjustments  have  been  made,  and  insert  the  metal  between 
the  blades  of  the  shears  until  the  edge  of  the  metal  comes  in 
contact  with  the  squaring  fence.  To  insure  accuracy  of  cut, 
be  sure  that  the  edge  of  the  metal  is  flush  all  along  the 
fence.  When  this  is  done,  pull  the  holddown  handles  to 
clamp  the  metal.  The  successful  use  of  this  gage  depends 
upon  a  few  predetermined  adjustments,  and  once  the  gage 
adjustments  are  made,  many  pieces  of  metal  can  be  cut  to 
the  same  dimension  without  additional  measuring. 


HOLD-DOWN 
^HANDLES. 


BACK 


GRADUATIONS  ON  BED 
(ENLARGED) 


Safety  precautions  to  be  observed  when  using  manually 
operated  squaring  shears  are  practically  tlic  same  as  those 
for  power  operated  squaring  .shears.  One  exception  is  tha^ 
when  pushing  down  on  the  foot  treadle,  which  requires^ 
considerable  force,  be  sure  your  other  foot  is  clear  of  the 
foot  treadle. 

Exercises  (203): 


1. 


What  step  was  performed  out  of  sequence  if  a  piece  of 
metal  is  cut  when  ihe  power  shear  is  turned  on? 


What  parts  of  the  power  shear  arc  safety  items  that  you 
should  not  remove? 


3.   List  the  last  step  in  a  power  shear  cutting  operation. 


4.   On  a  manual  squaring  shear,  what  is  the  purpose  of  the 
large  springs  mounted  on  each  end  of  the  blade? 


5.   What  must  you  depress  to  begin  the  cutting  action  of 
the  power  shear? 


6.  True  or  False.  The  holddown  on  a  manual  squaring 
shear  works  as  the  treadle  is  depressed. 


7.   On  a  manual  squaring  shear,  of  what  component  is  the 
squaring  fence  a  part? 


204.  Specify  advantages  and  disadvantages  of  the 
squaring  shear. 


gap 


Figure  1-4.  Manually  operated  squaring  shear. 


Gap  Squaring  Shears.  The  gap  squaring  shears, 
illustrated  in  figure  1-5,  resemble  manual  squaring  shears 
except  that  the  frame  is  built  to  accommodate  any  width  or 
length  of  sheet  metal  for  slitting.  The  front  opening  or  gap 
is  usually  about  18  inches  deep  for  shears  with  a  capacity  of 
16-gage  mild  steel.  Due  to  its  construction,  the  gap 
squaring  shear  is  considerably  larger  than  a  squaring  shear 
of  the  same  capacity.  Constructed  as  they  are,  these  shears 
can  be  used  to  cut  one  piece  or  several  pieces  from  a  sheet 
of  metal  longer  than  the  machine  itself.  You  do  this  by  first 
adjusting  the  front  gage  to  the  desired  width,  making  sure 
that  the  gap  is  deep  enough  to  allow  easy  passage  of  the  M 
metal.  Then  move  the  metal  between  the  cutting  blades* 
from  left  to  right  and  make  a  cut  about  three-quarters  the 
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Figure  1-5.  Gap  squaring  shear. 


length  ot  the  blaci:.  Release  the  holddown  levr-  ^.-^d  move 
the  sheet  to  the  right  so  that  the  edge  of  the  ^  .1  rides 
against  the  guide.  Repeat  this  step  until  ii.^  cut  is 
completed.  Most  cutting  jobs  that  can  be  done  on  a  squanng 
shear  can  be  done  on  a  gap  squaring  shear,  but  the  gap 
squaring  shear  makes  more  types  of  cuts  than  the  squaring 
shear. 

Safety  precautions  to  observe  when  operating  gap 
squaring  shears  are  similar  to  those  precautions  for 
manually  operated  squaring  shears. 

^Exercises  (204): 

1.  What  is  one  of  the  disadvantages  of  a  gap  squaring 
shear? 

2.  What  is  one  of  the  advantages  of  a  gap  squaring  shear? 


UPPER  CUTTING 


Figure  1-6.  Throatless  shears. 


205.  Difterentiate  between  pieces  of  bench-mounted 
cutting  equipment  by  their  construction  and  use. 

Throatless  Shears.  These  shears,  illustrated  in  figure  1- 
6,  get  their  name  from  their  construction  because  the  frame 
is  ^^throatless/'  and  there  are  no  obstructions  during 
cutting.  Therefore,  a  sheet  of  any  length  may  be  cut,  an. 
the  metal  can  be  turned  in  any  direction  to  allow  for  cutting 
irregular  shapes.  The  cutting  blade  (top  blade)  is  operated 
by  a  hand  lever.  An  example  of  the  use  of  throatless  shears 
is  the  cutting  of  a  rectangular  elbow  from  16-gage  sheet 
metal.  Radius  cuts  in  this  heavier  gage  metal  can  be  made 
easily  with  throatless  shears.  Safety  precautions  include 
keeping  fingers  away  from  the  cutting  blades,  returning  the 
handle  to  the  full  UP  position  after  the  cutting  operation, 
and  protecting  fingers  and  hands  from  burrs  when  guiding 
metal  through  the  culling  blade. 

The  bollora  (fixed)  blade  should  be  kept  in  proper 
adjustment;  if  the  blades  are  too  close,  they  lose  their 
sharpness  and  may  be  damaged.  If  the  blade  gap  is  too 
wide,  the  metal  will  have  a  tendency  to  fold,  causing  a  bad 
cut.  The  lower  blade  is  adjusted  with  setscrews. 

Circle  Shears.  Circle  shears,  illustrated  in  figure  1-7,  are 
used  to  greatest  advantage  when  cutting  circular  blanks  for 
such  items  as  buckets,  cans,  and  the  usual  run  of  cylindrical 
objects.  These  shears  can  also  be  used  for  slitting  sheets  and 
are  equipped  with  a  guide  for  that  purpose.  They  are  best 
suited  for  cutting  discs  from  mild  steel,  copper,  and 
aluminum. 

The  principal  parts  of  the  circle  shears  are  the  bed,  yoke, 
and  rotary  cutters.  The  bed,  since  it  must  absorb  and 
withstand  the  majority  of  the  load  and  shock,  is  made  of 
strong  steel  plate.  On  the  top  of  vhis  bed  are  graduations 
marked  every  sixteenth  of  an  inch  to  indicate  the 
approximate  diameter  of  the  circle  you  are  cutting.  The 
yoke,  or  sliding  circle  arm,  centers  and  holds  the  sheet. 
The  position  of  the  yoke  is  governed  by  the  diameter  of  the 
cut.  To  adjust  the  yoke,  loosen  the  locknut  (usually  located 
at  the  base  of  the  yoke)  and  slide  it  along  the  bed.  Attached 
to  the  yoke  is  the  clamping  device,  which  is  operated  by  a 
clamping  handle.  Setscrews  and  locking  nuts  are  used  to 
adjust  the  pressure  on  the  clamping  devices.  There  is  also  a 
hardened  center  pin  in  the  lower  disc  which  aids  you  in 
centering  blanks  of  center  punched  metal. 


The  upper  rotary  cutter  on  this  machine  can  be  adjusted 
in  a  vertical  position  and  should  overlap  enough  to  cut 
through  the  metal  in  one  cut.  U^-ually  the  adjusting  screw  is 
located  directly  above  the  upper  cutter.  The  bottom  cutter 
can  be  adjusted  in  the  same  manner  but  in  a  lateral 
direction.  For  light  gage  metal,  the  cutters  should  just  touch 
and  operate  freely.  When  cutting  heavy  material  the  cutters 
should  be  separated  slightly,  but  this  opening  should  be 
limited  to  a  maximum  of  10  percent  of  the  metal  thickness. 

When  you  are  cutting  circular  blanks  with  c;rcle  shears, 
the  first  job  is  to  cut  the  metal  to  the  approximate  size. 
Place  the  blank  between  the  clamping  discs  and  adjust  the 
yoke  so  that  the  distance  from  the  center  of  the  clamping 
discs  to  the  cutting  wheels  is  one-half  the  diameter  of  the 
blank  desired.  Then  adjust  the  upper  cutting  blade  with  the 
vertical  adjustment  screw.  You  should  stand  to  the  side  of 
the  shears  with  the  cutting  head  to  your  left  when  operating 
the  machine  with  the  handle  so  that  the  sheet  metal  will  feed 
away  from  you.  Do  not  attempt  to  cut  inside  circles  with 
this  machine,  and  always  start  the  cut  from  the  edge  of  the 
sheet.  Safety  precautions  when  using  circle  shears  include 
such  items  as  keeping  fingers  from  the  cutters,  gears,  and 
burrs. 

Ring  and  Circle  Shears.  The  basic  construction  of  ring 
and  circle  shears,  illustrated  in  figure  1-8,  is  similar  to  that 


of  rotary  circle  shears.  The  main  difference  lies  in  the  lower 
cutting  head,  wliich  is  set  at  an  angle  to  the  upper  cutter  to 
permit  the  cutting  of  inside  circles  as  well  as  discs  and 
shallow  concave  curves.  The  lateral  adjustment  between  the 
cutters  is  the  same  for  the  circle  shears.  Turning  the 
adjustment  handle  to  the  left  or  right  will  obtain  proper 
clearance  between  the  cutters.  Befo^re  you  cut  the  outside 
discs  with  the  ring  and  circle  shears  be  sure  to  read  the 
operational  procedure  for  the  circle  shears. 

To  cut  an  inside  circle  (hole)  in  a  sheet  of  metal,  adjust 
the  yoke  of  the  ring  and  circle  shears  so  that  the  distance 
from  the  centei  of  the  sheet  to  the  cutter  wheels  is  one-half 
the  diameter  of  the  desired  circle.  Place  the  metal  between 
the  clamping  discs,  and  secure  it  by  lowering  the  clamping 
handle.  Turn  the  upper  cutter  adjustment  handle  slowly  in  a 
clockwise  direction.  When  cutting  with  the  ring  and  circle 
shears,  turn  the  operating  handles  so  that  the  material  is  fed 
away  from  you.  Do  not  lower  the  upper  cutter  any  farther 
than  is  necessar>'  to  cut  through  the  metal.  Set  the  locknuts 
on  the  upper  cutter  adjustment  handle  so  that  the  upper 
cutter  produces  a  clean  cut. 

Safety  precautions  when  you  are  using  ring  and  circle 
shears  are  very  similar  to  those  listed  for  circle  shears; 
however,  some  ring  and  circle  shears  are  power  operated, 
and  the  additional  safety  precautions  include  keeping  clear 
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of  the  sheet  metal  as  it  revolves  during  the  eiiiting  proeess. 
The  foot  switch  can  be  moved  away  tVom  tiie  machine  to 
help  you  stay  clear.  This  loot  switch  is  a  source  oT  possible 
danger,  since  it  may  be  accidentally  depressed  by  the  foot 
or  by  a  falling  object.  If  the  switch  is  accidentally  actuated, 
the  power-operated  ring  and  circle  shears  may  start 
operating  and  cause  damage  to  the  material  and  danger  to 
the  operator.  Still  another  source  of  clanger  to  the  operator 
Is  loose  clothung  which  can  snag  on  burrs  or  corners  of  the 
revolving  metal,  causing  hands  or  fingers  to  be  drawn  into 
the  cutter  heads. 


Exercises  (205): 
1.   What  shears  are  best  adaptable  for  cutting  irregular 


shapes  in  heavy  sheet  metal? 


Which  shears  should  you  use  to  cut  outside  circular 
blanks  from  mild  steel,  copper,  or  aluminum? 


Which  shears  should  you  use  to  cut  an  inside  circle  in  a 
sheet  of  metal? 


4.  Which  bcnch>nvvjntod  shears  have  the  lower  cutting 
heads  set  at  an  angle  to  the  upper  cutting  heads  to 
allow  clearance  lor  concave  curves? 


206.  Ciivc  operational  characteristics  of  unishcars. 

Unishcars.  You  will  find  unishears  useful  equipment  in 
the  sheet  metal  shop.  Figures  1-9  and  1-10  illustrate  two 
types — stationary  and  portable.  Both  are  designed  to  cut 
along  irregular  lines  on  sheet  metal  and  will  save  you  much 
time  since  tlv^y  eut  faster  than  hand  snips  or  shears. 

The  .staticfKiry  unishcars,  illustrated  in  figure  1-9,  are 
powered  by  an  electric  motor  which  nnnes  the  lower 
cutting  blade  up  and  down  to  cut  sheet  metaf  as  it  is  guided 
through  the  blades.  It  is  possible  to  make  straight  or 
irregular  cuts  through  sheet  metal  as  heavy  as  16  gage.  The 
upper  cutting  blade  docs  not  reciprocate  during  cutting: 
however,  the  upper  blade  positioning  assembly  can  be 
raised  with  the  upper  blade  positioning  lever  when  it  is 
necessary  to  open  the  throat  of  the  shears  to  make  inside 
cuts.  The  blade  is  lowered  before  the  machine  is  operated. 
The  cutting  blades  arc  adjusted  for  cleaiance  when  new- 
blades  arc  installed:  therefore,  they  do  not  need 
readjustment,  in  most  cases,  for  different  gages  of  sheet 
metal.  A  red  safety  light  located  near  the  on-off  switch  is 


ADJUSTABLE 
UPPER  CUTTING 
SLAOE 


UPPF,^  .ADE 
POSITIONING  LfcVER 


CREASE  CUP 


ON-OFF 
SWITCH 


REO  SAFETY  LIGHT 


Figure  l-~9.  Stationary  unishcars. 
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Figure  l-IO.  Portable  unishears. 


illuminated  when  the  motor  is  operating.  The  grease  cup 
located  in  the  gearcase  is  packed  with  gear  lubricant  and 
must  be  tightened  by  hand  to  lubricate  the  moving  parts. 

In  figure  1-iO  you  can  see  how  irregular  cuts  in  sheet 
metal  are  made  with  the  electrically  driven  portable 
unishears  on  which  the  upper  blade  moves  up  and  down. 
Notice  how  the  shears  are  guided  through  the  metal, .This  is 
rather  easy  to  do  because  they  are  throatless  and  can  be 
turned  to  the  right  or  left  without  releasing  the  forward 
pressure.  Portable  unishears  are  held  in  your  right  or  left 
hand  and  used  in  the  shop  or  at  the  job  if  electrical  power  is 
available. 


Cutting  accuracy  with  either  the  stationary  or  portable 
unishears  depends  on  the  operator,  so  remember  to  always 
align  the  upper  cutting  blade  with  the  line  being  cut  in  the 
metal.  If  you  look  a  few  inches  ahead  of  the  cutting  blades, 
rather  than  at  the  blades,  you  should  get  better  results. 
Apply  just  enough  pressure  to  insure  that  the  blades  are 
cutting  smoothly  at  all  times.  Too  much  pressure  overloads 
the  machine,  and  too  little  pressure  causes  the  machine  to 
jump  from  side  to  side,  resulting  in  very  sharp  burrs. 

There  are  several  safety  precautions  you  should  observe 
when  usi:  ^.  either  of  the  unishears.  Always  keep  your  hands 
and  fingers  clear  of  the  cutting  blades,  and  avoid  the  sharp 


Figure  1-!  1 .  Hacksaw. 


buiTs.  Also*  ko«ip  the  powoi  cord  ot  ihc  portable  unisliears 
clear  of  the  burred  edges  to  prevent  damage  to  the 
insulation.  Check  the  three-prong  connector  on  the  power 
cord  before  connecting  it  to  a  properly  grounded  power 
receptacle. 

Exercises  (206): 

1 .  What  must  be  adjusted  on  a  stationary  unishear  before 
using  it  to  cut  a  slot  for  a  louver'; 


2.   What  difference  is  there  in  cutting  action  between  a 
stationary  and  portable  unishear? 


207,  State  procedures  for  using  hand  and  portable 
hacksaws,  and  specify  the  correct  blades  to  use  for  given 
situations. 

Saws  used  in  the  sheet  metal  shop  include  bandsaws, 
hole  saws,  hand  hacksaws,  and  power  operated  hacksaws. 
These  saws  are  used  to  cut  light  and  heavy  gage  sheet 
metal,  angle  iron,  pipe,  and  thin  wall  tubing.  Each  has 
certain  characteristics  that  make  it  better  than  other  saws  for 
certain  jobs.  As  with  other  tools,  you  should  select  the  right 
saw  for  the  job.  In  the  following  four  objectives  we  discuss 
saws  used  in  sheet  metalwork,  including  their  uses, 
maintenance,  and  safety  precautions.  We  will  also  discuss 
various  saw  blades  with  respect  to  materials  selected  for 
cutting. 

Hand  Hacksaws.  The  hacksaw,  illustrated  in  figure  1- 
1 1 ,  consists  of  a  frame,  handle,  and  blade.  Hacksaw  blades 
come  in  lengths  6  to  16  inches,  although  the  10-inch  size  is 
most  commonly  used.  These  blades  are  identified  by  their 
length  and  number  of  teeth  per  inch  (or  pitch).  Blades  with 
14,  18,  24,  and  32  teeth  per  inch  are  available.  Blades  are 
made  of  high-grade  tool  steel  which  may  be  flexible  or  all 
hard.  The  flexible  blades  have  only  hardened  teeth, 
whereas  all-hard  blades  have  hardened  teeth  and  blades. 
Blade  selection  involves  finding  the  right  type  for  the  job  at 
hand,  as  illustrated  in  figure  1-12.  An  all-hard  blade  is  best 
suited  for  sawing  brass,  tool  steel,  cast  iron,  and  heavy 
cross  sections  of  material.  Flexible  blades  are 
recommended  for  sawing  hollow  shapes  and  material 
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having  thin  cross  sections.  The  ^election  of  a  blade  by  its 
pitch  is  important,  as  illustrated  in  figure  1-12.  A  blade  with 
14  teeth  per  inch  is  reeonunended  for  cutting  cold  roll  and 
structural  steel.  The  18-teetli-per-inch  blade  is 
recommended  foi  solid  slock  aluminum  and  cast  iron.  The 
24-teeth-per-inch  is  reconuiiended  for  cutting  thick  wall 
tubing,  pipe,  channel  iron*  and  angle  iron,  as  well  as  brass 
and  copper.  The  llade  you  will  use  most  often  is  the  32 
teeth  per  inch,  which  is  recommended  for  thin  wall  tubing 
and  light  gage  sheet  metal. 

Always  remember  to  install  the  blade  in  the  frame  with 
the  angle  of  teeth  forward  (away  from  the  handle).  When 
sawing,  hold  the  saw  at  an  angle  that  will  allow  at  least  two 
teeth  to  contact  the  cutting  surface  a;  all  times.  Use  long 
strokes  and  apply  just  enough  pres.surc  on  the  forward 
stroke  to  cause  each  tooth  to  cut.  Forty  or  fifty  strokes  per 
minute  are  sufficient  to  insure  a  good  cut. 

Portable  Power  Saw.  There  are  several  types  of  portable 
power  saws  on  the  market.  We  discuss  only  one,  the  two- 
speed  Porta-band*  shown  in  figure  1-13.  This  is  a  1 10- volt 
60-c}cle  electric  power  handsaw  that  is  as  portable  as  any 
electric  drill.  This  item*  if  used  properly,  may  save  many 
hours,  both  on  the  job  and  in  the  shop.  The  blade  is  installed 
with  the  teeth  pointing  toward  the  work  rest.  To  select  the 
proper  blade,  follow  the  same  rules  as  you  do  for  a  hand 
hacksaw.  For  most  cut.s*  use  the  high  speed,  and  for 
problem  cuts  use  the  low  speed.  To  make  a  cut  with  a 
Porta-band  saw,  position  the  item  to  be  cut  so  that  it  touches 
both  the  blade  and  work  rest.  Next,  lift  the  saw  just  enough 
to  raise  the  blade  off  the  n'ork  and  depress  the  switch 
trigger,  then  let  the  weight  of  the  .saw  do  the  cutting.  Keep 
the  work  rest  against  the  work.  A  slight  pressure  may  be 
needed  on  some  jobs.  Too  much  pressure  results  in  an 
improper  cut. 

While  the  saw  does  the  cutting,  you  must  keep  it  straight. 
When  the  cut  is  completed,  release  the  switch  trigger.  This 
saw,  as  with  many  other  items  in  the  metal  shop,  can  be 
operated  left  or  right  handed.  Always  store  this  item  in  a 
case  or  cabinet  to  protect  the  blade  and  not  damage  other 
tools. 

Exercises  (207): 
1 .   How  should  you  install  the  blade  in  a  hand  hacksaw? 


2.   How  do  you  use  the  hand  hacksaw  to  cut  a  piece  of 
metal? 


3 .   How  do  you  use  the  portable  hacksaw? 


4.   What  is  the  pitch  of  the  blade  you  should  use  to  cut 
cold  roll  and  structural  steel? 
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U  JF.ETH  PER  INCH 


FOR  LARGE  SECTIONS 
OF  MILD  MATERIAL 

24  TEETH  PER  INCH 
K  •p-v  *^  ayy*-  » 


FOR  LARGE  SECTIONb 
OF  TOUGH  STEEL 

32  TEETH  PFR  INCH 


FOR  ANGLE  /RON.  HfAVV 
P/PE.  BRASS.  COPPER 


FOR  THIN  TUBING 


KEEP  AT  LEAST  TWO 
TEETH  CUTTING  TO  — , 
AVOID  THIS.  U 


USE  CORRECT  PITCH  OF  bLADE 
Figure  I- 12,  Correct  sawUxilh  seieciion. 


5.  What  is  the  pitch  of  the  blade  you  should  use  to  cut 
thick  wall  tubing,  pipe,  channel  iron,  angle  iron, 
brass,  and  copper? 


6.   When. you  must  cut  thin  wall  tubing  and  light  gage 
sheet  metal,  which  blade  should  you  use? 


TWO  SPEED 

53  1201 


Figure  1-13.  Porta-hand  saw. 


manufacturer's  specifications.  Proper  use  of  cutting  oil 
means  longer  blade  life  and  improved  performance  of  the 
saw. 

Cutoff  Bandsaw.  The  cutoff  handsaw  illustrated  in 
figure  1-14  is  used  to  cut  the  same  type  of  material  as  the 
power  hacksaw. 

To  make  a  cut,  with  a  cutoff  saw  like  the  one  illustrated 
in  figure  1-14,  raise  the  blade  and  secure  material  between 
the  vise  jaws  (fig.  1-14, B,  and  C)  by  turning  the  vise 
handwhecl  so  as  to  apply  pressure  on  the  jaws.  Start  the  saw 
and  adjust  the  raise  and  lower  handle  to  bring  the  blade 
down  slowly  until  it  starts  to  cut.  Adjust  the  feed  pressure 
control  if  necessary  for  the  proper  cutting  speed  for  the  job. 
As  with  the  power  hacksaw,  angle  cuts  can  be  made  by  | 
changing  the  position  of  the  vise  jaws.  This  type  of  saw  is 
operated  by  hydraulic  pressure  supplied  by  the  motor  and 
pump  assembly  (fig  1-14,D).  Hydraulic  pressure  powers  the 
hydraulic  cylinder  used  to  raise  and  lower  the  cutting  blade 
and  apply  feed  pressure.  When  the  cut  is  complete  the  limit 
Svvitch  should  turn  the  machine  off  automatically.  Remove 
the  cut  material  from  the  saw  and  clean  the  saw  and  area. 


208.  State  operating  procedures  of  the  power  hacksaw 
and  cutoff  saw. 

Power  Hacksaws.  Power  hacksaws  are  designed  to  cut 
pipe,  angle  iron,  bar  stock,  and  heavy  plate.  The  power 
hacksaw  is  equipped  with  an  adjustable  viselike  clamp  to 
secure  the  material  being  cut.  The  clamp  can  be  set  foi 
various  miter  cuts  but  is  used  to  make  90°  cuts  most  of  the 
time.  The  blades  are  approximately  1  inch  wide  and  come 
in  various  lengths.  The  number  of  teeth  per  inch  for  power 
hacksaw  blades  is  selected  by  the  same  criterion  as  for 
hacksaw  blades.  As  with  other  machines,  you  should  read 
the  operator's  instructions  or  the  technical  manual  before 
using  this  machine. 

Before  starting  the  power  hacksaw,  be  sure  that  the 
material  is  clamped  securely  to  prevent  binding  and 
breaking  of  the  blade.  The  material  thickness  adjustment  is 
set  in  various  notches  according  to  the  material  thickness.  A 
blade  broken  while  the  saw  is  operating  may  shatter  and 
endanger  personnel.  If  your  power  hacksaw  is  equipped 
with  a  blade  lubricating  device,  be  sure  to  keep  the  fluid 
strainer  clean  and  to  mix  the  cutting  oil  according  to  the 


A.  Vice  handwhecl 

B.  Stationary  vice  jaw 

C.  Moving  vice  jaw 

D.  Pump  and  motor  assembly 


E.  Oil  filter 

F.  Limit  switch 

G.  Coolant  pump 

H.  Control  panel 


Figure  1-14.  Power  cutoff  saw. 
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Be  sure  lo  lblk>\v  the  nianut'actuivr\  reciMnmendation  i\n 
saw  blade  ci>olaiH  Huid.  used  lo  ei)ol  the  biade.  When 
multiple  cuts  are  made  you  can  save  time  by  using  the 
adjustable  stop. 

Exercises  (208): 

1.  When  using  the  power  hacksaw  or  cutoff  saw  .  what 
must  you  do  to  prevent  the  material  from  bimling  and 
breaking  the  blade? 


What  must  \  i>u  di>  to  lengthen  the  life  of  the  blade  on 
the  power  hacksaw? 


3,   Mow  do  you  control  the  cutting  speed  on  the  power 
cutoff  saw? 


4,   What  must  you  adjust  before  making  angle  cuts  on  a 
power  cutoff  saw? 


209.  State  the  use  of  an  upright  handsaw,  and  cite 
factors  controlhng  the  quahty  of  its  products. 

Upright  Bandsaw.  One  of  the  most  versatile  machines 
your  shop  could  have  is  the  upright  handsaw  (sometimes 
referred  lo  as  a  contour  machine),  such  as  the  one  in  figure 
1-15.  This  machine  can  be  used  to  cut  irregularly  shaped 
objects  from  sheet  metals,  various  extrusions,  and  blocks  of 
metal,  as  well  as  most  nonmetallic  materials  (wood 
plastics,  eu  >  The  quality  and  precision  of  the  work 
produced  on  this  machine  depends  almost  entirely  on  the 
skill  and  knowledge  of  the  operator.  If  it  is  properly  set  up 
for  a  particular  job  and  the  work  is  properly  guided  and  fed 
into  the  blade,  a  high  degree  of  accuracy  can  be  obtained 
easily.  In  the  objective  to  follow,  we  will  discuss  some  of 
the  basic  parts  of  the  upright  handsaw,  how  to  set  it  up,  and 
how  to  operate  the  butt  welder  (used  to  weld  new  blades). 

Exercises  (209): 

1 .   What  types  of  material  can  be  cut  on  an  upright 
handsaw? 


2.   On  what  does  the  quality  and  precision  of  work 
produced  on  an  upright  handsaw  depend? 


210,  Cite  procedures  tor  setting  up  an  upright  handsaw 
for  use. 

IJprijiht  Handsaw  Operation  and  Setup.  Before 
operating  the  machine,  you  should  thoroughly  understand 
its  operating  features.  Make  sure  that  you  are  familiar  with 
all  the  controls  and  tiieir  functions  (study  fig,  1>I6).  A 
thorough  knowledge  of  the  machine  is  required  to  avoid 
damaging  it  or  injuring  yourself.  For  personal  safety, 
certain  rules  must  he  followed.  You  should  never  wear 
watches  or  rings.  Your  should  roll  up  your  sleeves  and  wear 
eye  protective  devices  Personal  safely  hazards  and 
precautions  will  be  explained  as  various  machining 
operations  are  covered. 

Cuff  in  action.  The  saw  band  passes  over  the  upper  saw- 
wheel  and  below  the  drive  wheel,  as  shown  in  figure  1-16, 
As  the  saw  band  passes  down  past  the  work  table  the  teeth 
are  pointing  down  and  as  work  is  pressed  against  the  teeth 
they  will  cut. 

Guide  blocks.  Guides  are  provided  to  guide  and  support 
the  saw  band  above  and  below  the  section  where  the  cutting 
action  occurs.  The  saw  guide  block  assembly  consists  of  a 
cast  iron  guide  block,  hardened  steel  inserts,  and  a  roller. 

The  upper  guide  block  has  two  screw  holes  and  is 
mounted  on  the  saw  post.  The  lower  guide  block  has  one 
.screw  hole  and  one  aligning  pin  and  is  mounted  on  a  keeper 
block  below  the  saw  table.  The  saw  guide  in.serts  are 
mounted  in  grooves  machined  in  the  guide  block.  Two 
thrust  rollers,  one  on  the  upper  guide  block  and  another  on 
the  lower  guide  block,  prevent  the  saw  band  from  springing 
under  the  pressure  of  the  cut. 

Guide  ifiserts.  The  saw  guide  inserts  are  made  of 
hardened  tool  steel  and  are  available  for  every  size  of  saw 
band.  The  size  of  the  in.serts  must  correspond  to  the  size  of 
the  .saw  band.  When  the  ends  of  the  inserts  become  worn, 
they  can  be  reground  to  an  angle  of  45°. 

To  mount  .saw  guide  inserts  in  the  guide  block,  first 
mount  the  left-hand  insert  in  the  block  by  using  an  insert 
gage,  as  shown  in  figure  1-17,  to  position  the  insert.  Then, 
use  an  insert  gage  as  a  thickness  gage  and  position  the 
right-hand  insert,  as  shown  in  figure  1-18,  Finally,  mount 
the  upper  guide  block  on  the  saw  post  and  the  lower  guide 
block  on  the  keeper  block. 

Positioning,  When  you  place  the  saw  band  over  the  upper 
wheel  and  below  the  drive  wheel,  it  should  align  directly  in 
the  slots  between  the  saw  guide  inserts.  Tilting  the  upper 
wheel  causes  the  band  to  * 'track''  or  move  into  the  desired 
location.  Tilt  the  upper  wheel  by  means  of  the  tilt  screw 
until  the  back  of  the  saw  band  just  touches  the  thrust  roller. 
Then,  lock  the  wheel  in  place  with  the  tilt  locknut,  which  is 
the  large  diameter  nut  that  encircles  the  smaller  sized  tilt 
screw . 

Tension,  You  adjust  the  tension  of  the  saw  band  by 
raising  or  lowering  the  upper  wheel  by  means  of  the 
handwheei,  .shown  in  figure  1-16.  Keep  the  saw  band  tight 
to  prevent  it  from  twisting  and  to  keep  it  sawing  .straight.  A 
new  saw  band  stretches  slightly  after  use  and  must  be 
readjusted  for  the  proper  tension  adjustment.  You  must  rely 
on  your  experience  to  guide  you.  Generally  speaking,  it  is 
better  to  have  the  band  too  tight  than  too  loose.  (NOTE: 
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A.  Head 

B.  Column 

C.  Speed  Indicator 

D.  Butt  welder 

E.  Grinder 

F.  Shift  lever 

G.  Speed  change 
handwheel 


H.  Variable  speed  unit 

I.  Driw9  motor 

J.  Air  pump 

K.  Chip  box 

L  Base 

M.  Power  feed  foot  pedal 

N.  Power  feed  weight 


O.   Power  feed  adjustment 

handwheol 
P.   Drive  wheel 
Q.  Lower  wheel  door 
R.  Gear  transmission 
S.  Chip  baffle 
T.  Graduated  plates 
for  table  tilt 


U.  Table 

V.  Upper  saw  guides 

W.  Saw  band 

X.  Post 

Y.  Air  jet 

Z.  Table  lamp 

AA.  Band  tension 
handwheel 


BB.  Magnifier  outlet 

CC.  Door  latch 

DD.  Drive  motor  switch 

EE.  Upper  door 

FF.  Job  selector 

GG.  Upper  saw  wheel 

SI.  Lower   saw  guides 


Figure  1-16.  Components  of  an  upright  handsaw. 
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POSITION  OF  GAGE  FOR 
LOCATING   FIRST  INSERT 

l-igurc  1-17.  Installing  left  insert. 


Overtightening  the  saw  band  can  cause  it  to  break  or  cause 
excessive  wear  on  the  wheel  tires.  Use  extra  care  when  you 
adjust  the  tension  of  bands  less  than  3/16  inch  in  width.) 

Mounting.  The  first  step  in  mounting  a  saw  band  is 
installing  the  proper  size  inserts  on  the  upper  and  lower 
guide  blocks,  as  shown  in  figures  1-17  and  1-18.  Open  the 
upper  and  lower  wheel  access  doors,  remove  the  filler  plate 
from  the  table  slot,  and  mount  the  upper  and  lower  guide 
blocks  shown  in  figure  1-16.  Place  the  right-hand  portion  of 
the  saw  band  over  the  upper  wheel  and  below  the  drive 
wheel.  Use  the  handwheel  to  set  the  tension  just  tight 
enough  to  keep  the  band  on  the  wheels.  Then,  check  to 
insure  that  the  saw  band  is  positioned  between  both  the 
upper  and  lower  sets  of  inserts.  After  loosening  the  tilt 
locknut,  raise  the  upper  wheel  hand  and  use  the  tilt  screw 
to  tilt  the  upper  wheel  until  the  back  edge  of  the  saw  band 
contacts  the  thrust  roller  on  the  guide  block.  The  moving 
band  should  cause  the  roller  to  turn,  but  light  finger 
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USE  THICKNESS  OF  GAGE  FOR 
DETERMINING  WIDTH  OF  SLOT 


Figure  1-18.  Installing  right  insert. 

o 
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Figure  1-19.  Job  .selector  dial. 


pressure  should  stop  the  roller  from  turning.  (NOTE:  The 
transmission  should  he  in  NHUTRAL  so  that  it  can  be 
turned  by  hand.)  Once  the  band  is  tracking  (moving  ( 
between  the  inserts  and  rotating  the  thrust  roller)  correctly, 
lock  the  tilting  wheel  by  means  of  the  tilt  locknut.  Adjust 
the  tension  of  the  saw  band,  replace  tli^  filler  plate  in  the 
table,  and  close  the  upper  and  lower  doors. 

Job  .selector.  To  pick  the  right  blade  and  velocity  (blade 
speed),  check  the  job  selector  as  shown  in  figure  1-19.  The 
job  selector  will  indicate  the  velocity,  pitch,  set,  and  temper 
for  each  type  of  work.  Other  information  that  can  assist  you 
in  selecting  the  proper  blade  is  located  on  the  job  selector. 

Variahlc'  speed  unit.  The  variable  speed  unit  is  located 
'vithin  the  base  of  the  machine,  as  shown  in  figure  1-16. 
This  unit  consists  of  two  V-type  pulleys  which  are  mounted 
on  a  common  bearing  tube.  The  two  outside  cones  of  the 
pulleys  are  fixed,  but  you  can  shift  the  middle  cone  by 
turning  the  speed  change  handwheel.  The  variable  speed 
unit  can  only  be  adjusted  with  the  motor  running.  When  you 
shift  the  middle  cone,  you  cause  the  diameter  of  one  pulley 
to  increase  and  the  diameter  of  the  other  pulley  to  decrease. 
This  slowly  changes  the  ratio  between  the  two  pulleys  and 
permits  you  to  gradually  increase  or  decrease  the  speed  of 
the  machine.  The  variable  speed  unit  is  connected  to  a 
transmission  which  has  high-  and  low-speed  ranges.  You 
can  obtain  a  greater  number  of  speeds  by  shifting  the 
transmission  gears  and  the  inner  cone  of  the  variable  speed 
unit. 

Now  that  the  machine  is  ready,  are  YOU?  To  operate  a 
contour    machine,    you    should    first    insure    that  the 
transmission  shift  lever  is  in  NHUTRAL.  Only  then  should  { 
you  start  the  drive  motor  and  shift  the  transmission  lever  to 
the  desired  position. 


CAUTION:  Never  aiteinpt  to  sliitt  ilu-  uinsniission 
selection  lever  except  at  the  very  lowest  speed  m  the  range 
being  used  {50  i'pm  or  less). 

Turn  the  speed  change  handwheol  clockwise  until  the 
desired  speed  is  indicated  on  the  speed  indicator.  Never  turn 
the  speed  change  handwheel  unless  the  motor  is  on  and  the 
transmission  is  engaged.  When  you  stop  the  machine, 
reduce  the  speed  as  low  as  possible  and  shift  the 
transmission  Icvorto  neutral.  Then  turn  the  inotorotT. 

Exercises  (210): 

1 .   On  what  is  the  lower  guide  block  mounted? 


2.   Whal  ihrco  items  arc  mounlcd  on  :\  uuidc  block? 


?>.   What  is  the  I'irsl  step  iii  mount ine  a  saw  baml? 


4.    What  is  the  liard-and-1  ast  rule  for  setting  tensiiMi  .^ 


5.   What  part  of  the  pulley  moves  when  you  adjust  the 

sp^.'od  cbMnt^e  hMndwheol'.^ 


53-387 


A.  l.inc  volUgc  rcguliitor 

B.  Ftching  pencil  ground  bushing 

C.  Lamp 

D.  Oil  cups  (for  grinder) 

E.  Tension  control 

F.  Flash  guard 

G.  Stationary  jaw 

H.  Mounting  screus 


Lamp  and  grinder  suuch 
Step  for  squaring  sau  bands 
Grinding  uhcel 
Grinding  uheel  guard 
Weld  thickness  g.ige  (2  gap^) 


1. 
J. 
K. 
I. 
M 

N-  Mo\ablejau- 
O.  Welder  jaus 
P.    Welding  operating  le\ei 


Figure  1-20.  Butt  welder. 


211.  Identify  parts  of  the  bull  welder  by  their  function, 
and  state  procedures  U>  follow  when  using  the  butt 
welder. 

Welder.  Saw  blades  are  usually  reeeivcd  in  the  shop  in 
lOO-i'ool-long  strips.  They  must  be  eut  lo  the  required 
length,  and  the  ends  must  be  welded  together  to  form  an 
endless  loop.  The  length  required  for  a  particular  saw  may 
be  found  in  the  instruction  manual  or  in  the  technical  order 
for  the  machine.  It  is  sometimes  given  on  a  data  plate  that  is 
mounlcd  on  the  machine  column. 

The  butt  welder,  which  is  built  into  the  column  of  the 
machine,  is  used  to  weld  new  bands  and  to  rejoin  bands  that 
have  been  broken.  The  butt  welder  panel  assembly,  shown 
in  figure  1-20,  shows  the  general  arrangement  of  the  panel 
as  viewed  by  the  operator.  A  15- watt  lamp  (C)  is  housed  at 
the  top  of  the  panel.  On  either  side  of  the  panel,  you  will 
note  two  oil  fillers  (D).  The  spring  cap  oil  fillers  are 
connected  by  means  of  copper  tubing  to  the  sleeve  bearings 
of  the  grinder  motor.  Below  the  oilers  is  the  tension  control 
dial  (E)  or  weld  selector,  which  regulates  the  tension  of  the 
movable  jaw  for  each  width  of  saw  you  are  welding.  This 
dial  is  mechanical  and  enables  you  to  control  the  force  with 
which  the  movable  jaw  (N)  moves  toward  the  stationary  jaw 
(G),  Wider  saws  require  greater  force  than  smaller  ones. 
Too  much  force  on  small  saw  bands  will  cause  the  ends  to 
overlap.  To  the  right  of  the  tension  control  is  the  line 
voltage  regulator  switch  (A).  The  line  voltage  regulator 
compensates  for  voltage  variation  in  the  electrical  power 
supply.  The  voltage  regulator  permits  the  proper  amount  of 
heat  to  be  generated  at  the  weld  by  controlling  the  current 
flow  between  the  saw  clamps.  Use  a  screwdriver  to  change 
the  voltage  regulator  setting.  Move  the  index  point  on  the 
regulator  switch  toward  the  MORE  position  to  increase  the 
heat.  Move  it  toward  the  LESS  position  to  decrease  the 
heat.  The  line  voltage  regulator  seldom  needs  to  be  reset  if 
the  current  supply  remains  fairly  constant. 

Directly  below  the  line  voltage  regulator  switch  is  the 
welder  operating  lever  (P).  The  operating  lever  turns  the 
current  on  and  moves  the  movable  clamping  jaw  toward  the 
stationary  clamping  jaw.  The  movable  jaw  travels 
approximately  0.040  inch,  forcing  the  molten  ends  of  the 
saw  together  and  welding  them  into  a  solid  unit.  The 
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clainpini:  jaws  hold  the  ciuls  of  the  sa^v  band  diirini-  the 
wcldini:  operation  and  the  welded  portion  of  the  saw  band 
diirini:  the  annealinu  ojKMation, 

The  anneahny  switch  button,  which  is  usually  red,  is 
located  below  the  chunping  jaws.  ^*ou  hold  this 
springloadcd  button  in  the  depressed  position  to  heat  the 
weld  to  the  annealing  temperature. 

You  use  the  grinding  wheel  (K)  on  the  welder  to  square 
the  ends  iM'the  saw  band  belore  welding  thcni  tv^gether  and 
to  remove  the  .  jcss  metal  troni  the  weld  alter  the  welding 
so  (hat  its  thickness  is  no  greater  than  that  of  the  rest  of  the 
band,  A  gage  (M)  located  above  the  grinding  wheel  is  used 
to  check  the  saw  band  thickness.  The  portion  of  the  saw 
band  behind  the  sawteeth  will  pass  IVccly  lluough  the  gage 
when  the  weld  is  correctly  ground,  (CAUTION:  Always 
wear  eye  protection  when  using  this  grinder,) 

To  weld  a  saw  band,  first  cut  off  the  band  to  the  required 
length  and  follow  this  procedure: 

cL  Always  cut  the  band  from  the  back  toward  the  teeth. 
Grind  the  'ends  of  the  band  square  against  the  side  of  the 
grinding  wheel.  Then,  insert  the  ends  of  the  band  into  the 
jaws  of  the  butt  welder  with  the  teeth  pointed  toward  you 
and  clamp  them  in  this  position  by  turning  the  thumb 
screws.  Set  the  tension  control  switch  for  the  width  of  band 
and  the  line  oltage  regulator  for  the  required  welding  heat. 
After  placing  the  flashguard  down,  depress  the  operating 
lever  to  complete  the  weld  and  hold  it  down  until  the  weld 
has  cooled,  BEFORE  releasing  the  operating  lever,  loosen 
the  stationary  jaw  thumbscrew  and  then  release  the  band 
from  the  movable  jaws.  Move  the  band  forward  (toward  the 
operator)  to  the  wide  gap  annealing  position.  Reel  amp  the 
band  Just  behind  the  saw  teeth,  with  the  newly  welded  joint 
centered  between  the  jaws. 

h.  Turn  off  the  welding  panel  light  so  that  the  correct 
annealing  heat  is  visible.  Now  press -the  annealing  switch 
button  until  the  welded  area  becomes  a  dull  cherry  red. 
Cool  the  annealed  portion  gradually  by  pressing  the 
annealing  button  several  times  during  the  cooling  period. 
After  it  has  cooled  enough  to  be  safely  handled,  remove  the 
band  from  the  jaws  and  grind  the  excess  weld  o\T  both  sides 
of  the  band.  Grind  until  the  welded  Joint  is  the  same 
thickness  as  the  band.  Use  the  gage  directly  above  the 
grinding  wheel  to  check  for  correct  thickness, 

c\  Do  not  grind  the  teeth.  When  you  finish  welding  a  saw 
band,  you  should  coil  and  store  it  in  the  storage  cabinet. 
Coil  the  saw  band  by  holding  the  band  in  one  hand  with  the 
other  end  of  the  loop  just  touching  the  floor.  Then  place 
your  foot  on  the  portion  of  the  band  in  contact  wiih  the  floor 
just  hard  enough  to  prevent  the  band  from  moving.  At  the 
same  time,  twist  the  band  by  rotating  your  wrist  \  V2  to  2 
times  while  lowering  your  arm.  The  band  will 
automatically  coil  itself,  usually  into  three  loops. 

Exercises  (211): 

1,   Which  component  compensates  for  voltage  variation 
in  the  electrical  power  supply? 


Figure  1-21.  Ilolc  saw. 


2.   What  controls  the  tension  of  the  movable  jaw  fnreach 
width  of  saw  you  are  using? 


3,    What    should   you   do   before    releasing   the  weld 
operating  lever  after  a  weld  is  made? 


4,   What  two  steps  must  you  do  after  the  welding  step? 


212.  State  the  purpose  of  a  hole  saw  and  tell  how  to  use  a 
circle  cutter. 

Hole  Saws.  Hole  saws  such  as  that  illustrated  in  figure 
1-21  are  used  to  cut  holes  in  light  gage  sheet  metal  and 
wood.  They  may  be  purchased  in  sizes  up  to  4  inches  in 
diameter.  A  1/4-inch  electric  drill  is  recommended  for  hole 
saw  sizes  up  to  I  '/:-inches  and  a  half  inch  electric  drill  is 
recommended  for  sizes  up  to  4  inches  in  diameter.  The  hole 
saw  is  useful  for  jobs  such  as  venting  hot  water  heaters, 
because  most  heater  vents  are  3  inches  in  diameter.  Another 
use  is  for  cutting  holes  in  fire  doors  or  partitions,  since  these 
items  are  usually  covered  with  light  gage  metal.  When 
drilling  with  hole  saws,  use  only  enough  pressure  to  cut 
evenly.  Too  much  pressure  causes  the  saw  to  bind  and 
c  reate  excessive  strain  on  the  electric  drill  motor. 

Circle  Cutters.  Circle  cutters,  like  that  illustrated  in 
figure  1-22  are  used  with  drill  presses  in  a  similar  manner 
and  purpose  as  hole  saws.  However,  the  circle  cutter  differs 
from  the  hole  saw  m  tiiat  the  circle  cutter  may  be  ajusted  for 
different  sizes  and  depths  of  cuts.  In  figure'  1-22,  you  can 
see  the  setscrew  wrench,  which  is  used  to  loosen  and 
tighten  the  setscrews  or  to  remove  the  twist  drill.  The 
adjustable  arm  enables  the  circle  cutter  to  be  used  for 
cutting  circles  of  different  sizes,  and  raising  or  lowering  the 
cutting  blade  makes  it  possible  to  regulate  the  depth  of  the 
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cut.  l-OuTMig  use.  ihc  Lwxlc  eutlci  nuisi  be  pcrpciulicular  io 
the  material  heiniz  cut.  ami  the  niaieiial  must  be  held 
securely  or  clamped.  Circle  cutters  are  sometimes  called  fly 
cutters. 

Exercises  (212): 

I .   What  are  the  usc^s)  of  a  hole  saw'.* 


TANG  \*  


f'ACE 


EDGE 


SQUARE 


■  AH 

TRIANGI  E 


ROUND 


2.    I^rietlv.  tell  how  to  use  a  circle  cutler. 


HALF 
ROUND 


FLA  T 


Figure  1-23.  Shapes  of  files. 


213,  Identify  the  types  of  files  by  their  uses, 

hi  previous  sections,  we  have  frequently  mentioned  the 
metal  burrs  that  are  often  produced  by  cutiMig  equipment. 
You  were  cautioned  to  avoid  cutting  your  hands  and  fingers 
or  snagging  your  clothing  on  these  buiTs.  These  rough  cdizes 
can  be  removed  with  files  or  grinders.  Other  uses  for  fi  es 
and  gruiders  are  discussed  in  this  section. 

Files.  No  shop  nor  individual  toolkit  is  complete  without 
several  files.  Figure  1-23  illustrates  six  shapes  of  files  most 
used  by  sheet  metalworkers,  as  follows: 

(1)  Flat  file — used  to  file  Hat  surfaces  and  for  other  fast- 
cutting  operation. 

(2)  Mill  file — especially  adapted  for  finish  filing. 

(3)  Triangular,  or  "three-cornered*',  file — used  in  filing 
internal  angles  and  cleaning  out  corners. 

(4)  Square  file — most  useful  in  finishing  the  bottom  of 
slots. 

(5)  Round  file  (or  rattail) — used  for  enlarging  round 
holes, 

(6)  Half-round  file — used  where  other  files  will  not  fit. 


Figure  1-22.  Circle  cutter. 
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Files  are  very  useful  tools,  but  their  life  and  usefulness 
depend  a  great  deal  upon  the  way  ihcy  are  used  and 
maintained.  They  should  be  cleaned  frequently  with  a  file 
card  or  brush  and  kept  separat'^  from  other  tools  to  prevent 
damage  to  the  other  tools. 

Files  are  usually  made  in  two  types  of  cut — single -cut 
and  double-cut — as  shown  in  figure  1-24.  The  single-cut 
file  has  a  single  row  of  teeth  extending  across  the  face  at  an 
angle  from  65°  to  85°  to  the  length  of  the  file.  The  size  of 
the  cuts  depends  on  the  coarseness  of  the  file.  The  double- 
cut  file  has  two  rows  of  teeth  which  cross  each  other.  For 
general  work,  the  angle  of  the  first  row  is  from  40°  to  45°. 


SINGLE  DOUBLE 
CUT  CUT 


BASTARD  BASTARD 


SECONDCUT  SECONDCUT 


SMOOTH  SMOOTH 

Figure  1-24.  Types  of  file  cuts. 
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Figure  1-25.  Plat  cold  chisel. 


The  first  row  is  generally  rcten-ed  to  as  *'ovcrcut",  the 
second  row  as  ''iipcut,"  the  iipcut  being  somewhat  finer 
and  not  so  deep  as  the  overcut. 

Single-cut  files  are  recommended  for  sharpening  cutting 
tools,  such  as  shear  and  snip  blades.  Light  pressure  should 
be  applied  to  single-cut  files  to  obtain  a  smooth  finish. 
Double-cut  files  are  used  when  a  rough  finish  is  permissible 
and  heavy  pressure  may  be  applied  ft)r  fast  cutting.  One  of 
the  factors  in  selecting  a  file  is  *he  composition  of  the  metal 
to  be  filed.  An  example  is  stainless  steel,  which  is  hard  and 
requires  a  file  with  a  deep  upcut  and  a  fine  overcut. 

Exercises  (213): 

L   What  type  of  file  would  you  use  to  clean  out  a  rough 
slot  in  1/4  inch-thick  black  iron? 


2.   What  type  file  would  you  use  for  finish  work  that  is  to 
be  exposed? 


214.  State  characteristics  of  chisels,  and  tell  how  to  dress 
chisels  and  grinders. 

Chisels.  If  you  can't  use  snips  or  a  hacksaw  for  cutting, 
the  cold  chisel  will  probably  do  the  job.  Although  cold 


chisels  come  in  a  variety  of  blade  siiapes.  you  will  most 
often  use  the  Hal  blade  l>pe.  whicli  is  illustrated  in  figure 
!  "25  i'his  chisel  can  be  used  in  restricted  areas  for  suclii 
jobs  as  making  a  slot  or  starter  hole  in  sheet  metal  for  snips 
oi  shears.  Other  uses  for  cold  chisels  include  splitting  rusted 
nuts  from  bolts  and  cutting  wire,  strap  iron,  small  bars,  and 
rods.  A  cold  chisel  may  be  used  to  cut  any  metal  softer  than 
itself.  The  si/c  of  a  cold  chisel  is  identified  according  to  the 
width  of  ihe  cutting  blade.  In  sheet  meialwork  the  cold 
chisels  most  often  used  include  the  1/4-inch,  1  2-inch,  and 
1-inch  sizes.  Cold  chisels  are  usually  made  of  octagonal 
(eight-sided)  tool  steel  bar  stock  and  are  carefully  hardened 
and  tempered. 

rCccp  your  cliisels  sriarp  and  the  edges  ground  at  the 
proper  angle  (60°  to  70°).  When  sharpening  a  chisel,  hold  it 
against  the  wheel  with  very  little  pressure  to  avoid 
overheating.  Dip  the  point  in  water  often  enough  to  keep  it 
cool.  Otherwise,  the  heat  generated  will  *'draw"  the 
temper  of  the  steel.  If  this  happens,  the  cutting  edge  will 
become  soft  and  useless  until  rehardened  and  tempered. 

Through  normal  use,  the  head  of  the  cold  chisel  will 
spread  out  until  it  looks  like  a  ragged  mushroom.  This 
spreadout  head  is  rough  and  can  **ream  out"  the  inside  of 
your  hand  if  the  chisel  slips.  Also,  blows  of  the  hammer 
may  break  off  pieces  from  the  overhanding  mushroom  and 
cause  injury.  Keep  the  head  of  the  chise*  dressed  to 
eliminate  these  hazards. 

Grinders,  Electrically  driven  grinders,  such  as  that 
illustrated  in  figure  1-26,  may  be  attached  to  workbenches 
or  mounted  on  floor  stands.  These  grinders  should  be 
equipped  with  eyeshields,  wheel  guards,  work  rests,  powerj 
cord  with  round,  and  good  abrasive  wheels.  They 
normally  have  medium  and  fine  abrasive  wheels — the 
medium  for  heavy  cuts  :;nd  the  fine  for  finish  work.  Bench 
grinders  are  usually  equipped  for  grinding  twist  drills, 
chisels,  and  other  small  jobs.  The  cooling  tank  is  filled 
with  water  so  that  the  object  being  ground  can  be  kept  cool. 

Grinders  are  very  hazardous:  therefore,  you  should  be 
careful  when  operating  them.  You  should  not  griri  on  the 
side  of  wheels,  and  you  must  not  use  the  work  rest  more 
than  1/8  inch  from  the  grinding  wheel.  Even  if  the  grinder  is 
equipped  with  an  eye  shield,  you  should  wear  a  face  shield 
during  operation.  When  grinding,  use  only  enough  pressure 
to  cut  the  material.  Too  much  pressure  causes  undue  wear 
to  the  wheel  and  unnecessary  heating  of  the  material  being 
ground. 

Preparing  the  Abrasive  Wheel.  Before  grinding  a  twist 
drill,  you  should  check  the  wheel  and  dress  it,  if  necessary. 
The  terms  ^'dressing"  and  *'trueing"  are  frequently 
confused.  Dressing  is  the  reconditioning  of  the  abrasive 
surface  of  a  wheel  that  has  lost  some  of  its  cutting  ability. 
This  is  caused  by  glazing  or  loading  up  (filling  the  spaces 
between  abrasive  particles)  or  dulling  the  abrasive  particles. 
Trueing  is  restoring  the  abrasive  wheel  to  its  correct 
geometrical  shape,  Trueing  is  not  required  as  frequently  as 
dressing.  The  Huntington-type  dresser  (fig.  1-27),  which 
consists  essentially  of  a  number  of  circular  metal  cutters 
mounted  on  a  spindle  in  a  holder,  is  the  most  commonly 
used  type  of  offhand  dressing  tool.  Figure  1-27  shows  this^ 
tool  The  dulled  abrasive  grains  and  any  loading  of  metal  or^ 
foreign  material  are  being  removed  so  that  sharp  grains  will 
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WING  NUT 

Figure  1-26.  Ben^h  grinder. 


be  presented  to  the  work.  Before  using  the  uheel  dresser, 
position  the  tool  rest  so  that  the  legs  of  the  dresser  may  be 
hooked  over  it,  as  shown  in  figuie  1-27.  When  you  turn  on  a 
grinder,  always  stand  aside  until  it  attains  operating  speed. 
If  there  is  a  detect  in  a  wheel .  it  will  disintegrate.  To  dress  a 
wheel  as  in  figure  1-27,  you  hold  the  dresser  fimily  against 
the  rest  and  as  you  raise  the  handle  of  the  dresser  to  make 
contact  with  the  wheel,  move  it  in  a  steady  motion  back  and 
forth  across  the  face  of  the  wheel.  Too  much  pressure 
causes  excessive  sparking  and  rapid  cutter  wear. 

Exercises  (214): 

1 .   How  is  the  size  of  a  cold  chisel  identified? 


2.  What  would  happen  if  you  overheated  a  cold  chisel 
when  you  sharpened  it  ? 


3.   When  you  dress  the  head  of  a  chisel,  what  do  you 
grind? 


4.   While  dressing  an  abrasive  wheel,  how  slunild  the 
wheel  dresser  be  held? 
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CHAPTER  2 


Drilling,  Punching,  and  Fastening 


NHARLV  ALL  fabrication  and  installation  of  sheet  metal 
components  involve  the  drilling  or  puncliinL'  of  holes,  and 
the  use  of  various  fastening  devices.  When  blueprints  are 
tiirni.shed,  you  must  identify  the  fasteners  and  sizes 
specified.  If  they  are  not  furnished,  you  must  be  able  to 
determine  which  fasteners  and  tools  are  suitable  for  the  job. 

This  chapter  concerns  the  tools  and  equipment  used  to 
drill  and  punch  holes  in  sheet  metal.  The  drilling  eciuipment 
mcludes  twist  drills,  masonry  drilKs,  hand  drills,  portable 
electric  drilLs,  and  drill  presses.  The  hole  punching 
equipment  includes  hand  punches  and  rotary  punches. 
Related  equipment  that  we  also  discuss  includes 
countersinks,  reamers,  and  rotary  files.  It  is  important  that 
you  learn  the  proper  use  of  each  of  these  items.  We  also 
discuss  a  number  of  common  fasteners  and  fastening 
systems  that  you  must  select  from. 

You  can  apply  the  information  you  gain  from  this  chapter 
later  m  this  CDC  when  you  study  fabricating,  installing, 
and  repairing  sheet  metal  components.  Following  the 
completion  of  on-the-job  training,  you  will  frequently  use 
this  information  as  you  perform  the  various  work 
assignments  in  the  metal  fabricating  shop. 

2-1.  Drilling  Equipment 

It  is  important  for  you  to  use  the  correct  terms  when 
speaking  or  writing  about  drilling  equipment.  For  example, 
the  word  ^^drilL'  when  used  loosely  may  cause  some 
confusion  in  communication.  A  twist  drill  is  the  part  that 
cuts  the  hole,  whereas  the  hand  drill,  portable  drill  (air  or 
electric),  or  drill  press  supplies  the  rotary  motion  and  torque 
to  rotate  the  twist  drill. 

215,  State  structural  characteristics  of  a  twist  drill,  and 
tell  how  to  use  and  sharpen  the  twist  drill. 

Twist  Drills.  Twist  drills  may  be  made  of  carbon  steel  or 
of  high-speed  alloy  steel.  Although  carbon  steel  twist  drills 
are  satisfactory  for  general  work,  high-speed  twist  drills  are 
recommended  for  most  jobs  in  sheet  metalwork,  since  they 
stay  sharp  longer  and  do  not  dull  from  the  heat  generated 
during  the  drilling  operation.  If  you  are  drilling  holes  in 
hard  or  thick  metal,  you  should  apply  a  few  drops  of  cutting 
oil  in  the  hole  to  lubricate  and  prevent  excessive  heating.  If 
a  cutting  oil  is  used,  high-speed  twist  drills  will  keep  right 
on  cutting,  even  though  they  are  hot.  Excessive  heating  will 
also  result  from  using  a  dull  twist  drill  or  from  too  much  or 
too  little  pressure  on  the  twist  drilL  If  a  high-speed  twist 
drill  becomes  overheated,  it  should  be  allowed  to  cool 


sloul).  Do  not  try  to  cool  it  in  water,  oil,  or  fast  moving 
air,  because  the  meta!  may  crack. 

Twist  drill  sizes  are  expressed  in  terms  of  millimeters, 
decimals,  fractions,  numbers,  and  letters,  as  shown  in 
figure  2>1.  The  size  is  stamped  on  the  shank  of  the  twist 
drill.  For  example,  a  3/16-inch  twist  drill,  which  is  often 
used  in  sheet  metalwork,  has  a  decimal  equivalent  size  of  a 
0.1875  inch. 

Figure  2-2  shows  a  twist  drill  with  the  nomenclature  of  its 
parts,  including  the  shank,  body,  heel,  t1ute,  and  land.  A 
twist  drill  for  most  uses  will  have  a  hp  angle  of  59"*  and  a 
heel  angle  of  12°  to  15°.  However,  a  lip  angle  of  68°  is 
recommended  for  hard  materials,  liuch  as  stainless  steel. 
Soft  metals,  such  as  brass  or  bronze,  can  be  drilled  with  a 
twist  drill  having  a  lip  angle  between  50*'  to  60°.  In  all  cases 
of  sharpening  a  twist  drill ,  both  utting  edges  must  have  the 
same  lip  angle  and  the  same  length  cutting  edge. 

When  you  are  drilling  a  hole  with  a  twist  drill  installed  in 
a  hand  or  power  drill,  the  chuck  must  be  tight  enough  to 
prevent  slippage.  The  twist  drill  must  make  a  hole  with  its 
center  at  the  exact  spot  desired;  therefore,  you  should  use  a 
center  punch  to  sink  a  mark  deep  enough  to  prevent  the 
twist  drill  from  ^^valking''  away  from  the" center  point.  (Be 
careful  not  to  dimple  the  material  by  striking  the  center 
punch  too  hard.)  Next,  secure  the  work  and  place  the  point 
of  the  twist  drill  into  the  punch  mark.  After  drilling  is 
begun,  you  must  make  certain  to  keep  the  drill  at  right 
angles  to  the  surface  of  the  work  throughout  the  operation. 
You  should  ease  the  pressure  the  instant  the  twist  drill 
breaks  through  the  material  but  continue  drilling  until  the 
hole  is  finished.  Be  sure  to  follow  appropriate  procedures  to 
keep  the  twist  diill  from  overheating. 

Correct  twist  drill  ^znnding  is  an  absolute  must.  A  sharp 
twist  drill  performs  more  efficiently  and  you  can  attain  a 
higher  quality  of  work  with  less  physical  application  on  the 
drill.  You  cannot  turn  a  twist  drill  in  to  Supply  just  because 
the  point  is  dull.  Drills,  at  this  time,  are  classified  as 
expendable  items  and  can  be  replaced  only  after  normal 
wear  or  breakage.  We  will  cover  one  method  of  sharpening 
twist  drills,  free-hand  grinding. 

Free-hand  grinding  is  done  without  the  aid  of  any  fixtures 
on  the  grinder.  The  success  of  this  operation  depends  upon 
your  skill  in  using  various  techniques. 

Adjust  the  tool  rest  of  the  grinder  to  a  convenient  height 
for  resting  the  back  of  your  left  hand  while  grinding.  Hold 
the  drill  between  the  thumb  and  index  finger  of  one  hand 
and  grasp  the  body  of  the  drill  near  the  shank  with  the  other 
hand.  Place  your  left  hand  on  the  tool  rest,  with  the 
centerline  of  the  drill  making  the  desired  angle  with  the 
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Figure  2-1 .  Hole  and  twist  drill  .si/.cs. 
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Figure  2-2.  Twist  drill  nomcnclaiure. 


cutting  face  of  the  grinding  wheel,  and  then  sHghry  lower 
the  shank  end  of  the  drill  as  illustrated  in  figure  2-3. 

There  are  two  ways  of  rotating  the  drill  when  grinding — 
counterclockwise  and  clockwise.  The  method  used  depends 
upon  the  individuu..  When  rotating  the  drill  in  a 
counterclockwise  direction,  slowly  place  the  heel  of  the 
drill  against  the  grinding  wheel.  Then  gradually  raise  the 
shank  end  of  the  drill  and  twist  it  in  your  fingers  in  a 
counterclockwise  direction  as  the  grinding  wheel  contacts 
the  cutting  edge.  Exert  only  enough  pressure  to  grind  the 
drill  without  overheating. 

Frequently  cool  the  drill  in  water  while  grinding.  As  you 
rotate  the  drill  in  a  clockwise  direction,  hold  the  drill  in  the 
right  hand  with  the  point  against  the  grinding  wheel  at  the 
proper  angle.  The  left  hand  should  hold  the  body  of  the  drill 
in  the  same  manner  as  for  counterclockwise  grinding.  With 
the  drill  lip  bearing  against  the  grinding  wheel,  the  right 
hand  should  push  the  shank  of  the  drill  slightly  clockwise 
and  push  it  forward  slightly.  Remember  to  dip  the  drill  in 
water  often  enough  to  prevent  overheating.  Check  the 
results  of  the  grinding  with  a  gage  or  equivalent  tool  to 
determine  whether  the  cutting  edges  are  the  same  length 
(both  cutting  edges  must  be  the  same  length)  and  at  the 
desired  angle.  Also,  notice  whether  the  heel  is  ground  to  an 
angle  of  12°  to  15°  for  cutting  speed  and  clearance. 


riie  thickness  of  the  web  of  a  drill  inereases  as  the  Hute 
approaches  the  shank:  this  adds  strength  to  the  drill.  As  the 
drill  point  wears  away  through  normal  use.  the  web  at  the 
point  becomes  thicker.  The  web  at  the  point  should  be  no 
thicker  than  1/32  or  1/16  inch,  Web  thickness  can  be 
con:rolled  by  grinding  (thinning)  the  web  on  a  thin,  round, 
or  beveled  edge  wheel.  If  a  special  grinding  machine  is  not 
available,  use  free-hand  grinding.  However,  such  operation 
requires  skill  and  experience.  Improperly  sharpened  twist 
drills  are  those  with  unequal  cutting  edge  lengths  and  they 
will  tend  to  produce  holes  with  poor  diameter  and 
directional  control.  With  these  factors  in  mind,  thin  the  web 
only  when  necessarx-.  When  thinning  the  web.  grind  the 
web  Trom  the  fute  while  being  careful  not  to  grind  on  the 
cutting  edge.  Grind  on  the  heel  up  close  to  the  web  and 
grind  so  as  to  produce  a  cutting  edge  with  your  grind  that 
will  intersect  the  main  cutting  edge. 

Exercises  (215): 
I .   Of  what  two  steels  are  twist  drills  tnade? 


2.   Where  is  the  si/.e  stamped  on  most  twist  drills? 


3.   In  drill  size,  what  unit  of  measurement  is  indicated  by 
the  number,  letter,  or  fraction  stamped  on  the  shank? 


4.   What  step  in  drilliniz  was  omitted  if  the  drill  tends  to 
**walk-*? 


5.   When  should  you  ease  off  on  the  amount  of  pressure 
required  to  make  a  twist  drill  cut? 


6.   In  what  direction  is  a  twist  drill  rotated  in  free-hand 
grinding? 


Figure  2-4.  Masonry  drills. 


7.   What  two  surfaces  should  be  ground  when  sharpening 
a  twist  drill? 


216.  State  the  uses  of  masonry  drills  and  countersinks. 

Masonry  Drills.  Several  types  of  masonry  drills  are 
available  for  drilling  holes  in  concrete,  brick,  and  ciiider 
block.  Holes  are  needed  when  attaching  sheet  inetalwork, 
such  as  downspouting,  duct  work,  and  metal  awnings.  One 
type  of  masonry  drill  is  the  star  drill  (not  illustrated)  that 
somewhat  resembles  a  chisel  except  that  the  cutting  tip 
forms  a  cross.  Star  drills  are  available  in  various  sizes  arid 
are  driven  by  hand  with  a  heavy  ball  peen  hammer. 
Another  type  of  masonry  drill,  v/hich  is  illustrated  in  figure 
2-4,  is  designed  to  fit  in  the  chuck  of  portable  power  drills. 
These  masonry  drills  have  tungsten-carbide  cutting  tips  and 
are  available  in  sizes  1/4  to  3/4  inch.  A  1/2-inch  portable 
drill  should  be  used  with  masonry  drills  that  are  3/8  inch 
and  larger. 

Countersinks.  Countersinks  are  used  to  bevel  edges  of 
holes  so  that  rivets  or  bolts  with  countersunk  heads  can  be 
inserted.  This  allows  the  rivet  or  bolt  heads  to  be  flush  with 
the  surface  of  the  metal.  Figure  2-5  shows  a  countersink 
that  can  be  used  with  hand  or  power  drills.  These 
countersinks  are  available  in  various  bevel  angles,  which 
should  match  the  bevel  of  the  rivet  or  bolt  to  be  installed. 


Fxercises  (216): 

K    List  at  least  two  types  of  materials  that  can  be  drilled 
with  a  niasonrv  drill. 


2.   For  what  purpose  are  countersinks  used? 


217.  Specify  those  conditions  when  you  would  use  hand 
drills,  and  state  how  to  use  portable  electric  drills. 

Hand  Drills,  Hand  drills  are  used  to  drill  holes  in  light 
gage  sheet  metal,  and  the  chuck  normally  accommodates  a 
twist  drill  up  to  1/4-inch  diamater.  Hand  drills  are  often 
used  on  jobs  where  only  one  or  two  holes  are  to  be  drilled, 
and  the  holes  can  be  drilled  in  less  time  than  it  would  take  to 
install  a  power  cable  for  an  electric  drill.  Also  there  are 
times  when  holes  must  be  drilled  at  locations  where  the 
power  cable  cannot  reach  the  job. 

Portable  Electric  Drills.  Portable  drills  are 
manufactured  in  several  sizes  which  include  1/4,  3/8.  and 
1/2  inch,  as  illustrated  in  figure  2-6.  The  1/4-inch  drill  is 
used  extensively  when  drilling  holes  for  rivets,  sheet  metal 
screws,  and  machine  screws.  A  3/8-  or  1/2-inch  drill  should 
be  used  to  drill  holes  larger  than  1/4  inch.  Portable  electric 
drills  are  often  used  on  jobs  away  from  the  shop,  so  be  sure 
ihat  an  adequate  electrical  ground  connection  is  made 
before  beginning  the  drilling  operation. 

When  using  a  portable  electric  drill ,  be  sure  the  twist  drill 
(or  masonry  drill)  is  firmly  tightened  in  the  geared  chuck  of 
the  drill  to  prevent  the  twist  drill  from  tuniing  in  the  chuck. 
This  action  may  damage  the  shank  of  the  twist  drill.  This  is 
done  by  first  tightening  the  chuck  handtight,  then  by 
inserting  the  chuck  key  and  tightening  in  each  of  the  three 
holes.  Do  not  overtighten  with  the  chuck  key,  because  the 
chuck  threads  can  be  damaged. 

When  using  the  portable  power  drill,  hold  it  firmly. 
Insert  the  twist  drill  in  the  chuck  and  test  it  for  trueness  and 
vibration.  You  may  check  the  trueness  visibly  by  running 
the  motor  freely.  Do  not  use  a  twist  drill  that  wobbles  or  is 
slightly  bent,  because  such  a  condition  causes  enlarged 
holes.  Always  hold  the  drill  at  right  angles  to  the  work, 
regardless  of  the  position  or  curvature.  Tilting  the  drill  at 
any  time  when  drilling  into  or  withdrawing  from  the 
material  can  cause  elongation  (egg  shape)  of  the  holes. 


Figure  2-5.  Countersink. 
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Figure  2-6.  Portable  electric  drills. 


When  drilling  through  sheet  metal,  small  burrs  are  found 
around  the  edge  of  the  hole.  You  must  remove  these  burrs 
to  prevent  scratching  and  to  allow  rivets  or  bolts  to  fit 
snugly.  BuiT.s  may  be  removed  with  a  countersink,  a 
reamer,  or  a  twist  drill  lai^jier  than  the  hole.  If  one  of  these  is 
used  to  remove  burrs,  rotate  it  by  hand. 

FZxercises  (217): 

1.   Normally  hand  drills  are  used  where  only  one  or  two 
holes  are  to  be  drilled.  When  else  are  they  used? 


2.  At  what  angle  to  the  work  should  you  always  hold  the 
drill? 


3.   Why  should  you  test  a  drill  after  installing  a  twist  drill? 


218.  State  safety  and  operating  procedures  to  foUow 
when  iisiii^  the  drill  press. 

Drill  Press,  'riic  drill  press  is  a  precision  machine  used 
for  drilling  holes  thai  rcc|iiife  a  high  degree  of  accuracy.  It 
serves  as  an  accurate  means  of  locating  and  maintaining  the 
direction  of  a  hole  that  is  to  he  drilled,  and  it  provides  the 
operator  with  a  feed  control  lever  to  regulate  the  drilling 
pressure  and  make  the  task  of  feeding  "the  drill  into  the 
material  easier  A  variety  of  drill  presses  are  available; 
ht)wever,  the  nK)st  common  type  is  the  ordinary  upright 
drill  press,  shown  in  figure  2-7. 

When  using  a  drill  press,  adjust  the  height  of  the  working 
table  to  accommodate  the  height  and  thickness  of  the  part  to 
be  drilled;  then  clamp  the  material  into  position  so  that  the 
center  punchmark  is  directly  in  line  with  the  twist  drill. 
Material  or  parts  that  are  not  properly  clamped  may  bind  on 
the  drill  and  start  spinning,  which  can  possibly  cau.se  the 
loss  of  fingers  or  hands  or  cause  serious  cuts  to  the 
operator's  arms  or  body.  Always  make  sure  the  part  to  be 
drilled  is  properly  clamped  to  the  drill  press  table  before 
starting  drilling  operations.  You  must  wear  goggles,  safety 
glasses,  or  a  face  shield  in  accordance  with  the  safety  rules 
of  your  shop.  While  we  are  on  safety,  there  is  one  unsafe 
act  that  has  been  with  us  for  years,  but  now  you  see  it  in 
writing.  Don  t  leav^-  the  chuck  key  in  the  chuck,  as  shown  in 
the  insert  in  figure  2-7.  It  is  a  safety  hazard.  Remove  it 
before  someone  turns  on  the  drill  press  and  gets  injured! 

Most  drill  presses  are  equipped  with  gears  or  multistep 
pulleys  to  provide  a  means  of  increasing  or  decreasing  the 
speed  of  the  spindle.  The  drill  press  shown  in  figure  2-7  is 
illustrated  with  the  belt  guard  removed.  The  drill  press  can 
be  adjusted  for  different  spindle  speeds  by  changing  the  V- 
belt  to  different  steps  on  the  V-pulleys.  Be  sure  to  stop  the 
motor  before  moving  the  belt  from  one  step  to  another,  and 
don't  forget  to  check  the  belt  adjustment  before  operating 
the  drill  press. 

Installing  V-belts.  To  obtain  adequate  power.  V-belts 
must  be  of  the  correct  size  for  the  pulleys,  and  they  must  be 
adjusted  and  installed  properly.  There  are  many  sizes  of  V- 
belts.  For  maximum  power,  the  belt  must  fit  the  pulleys  as 
shown  in  figure  2-7.  Make  sure  that  the  belt  matches  the 
pulley  so  that  it  will  not  ride  the  bottom  of  the  sheave 
grooves.  The  sides  of  the  belt  pulling  against  the  pulley 
provide  the  traction.  Another  important  factor  to  consider  is 
to  select  a  belt  so  that  the  motor  will  be  as  close  to  the 
machine  as  practical.  This  will  prevent  some  power  loss.  To 
obtain  efficient  operation,  the  tension  of  V-belts  must  be 
adjusted  properly.  As  a  general  rule,  allow  3/4  inch  of  sag 
for  each  foot  of  distance  between  pulley  centers  when  you 
apply  thumb  pressure  to  the  belt. 

Some  equipment  requires  multiple  belts  for  sufficient 
traction.  If  one  belt  becomes  worn  or  breaks,  replace  all  of 
the  belts,  so  that  a  "matched"  set  of  belts  is  opc  ating. 
Never  roll  the  belt  onto  the  pulley,  because  that  will  break 
the  cords  in  the  belt.  Rather,  release  the  takeup  adjustment 
before  you  install  the  belt. 

Continued  use  of  too  heavy  a  feed  or  too  fast  a  speed 
overworks  the  machine  and  may  break  the  twist  drill  or 
damage  the  machine.  The  speed  of  the  chuck  and  rate  of 
feed  vary  depending  on  the  material  you  are  drilling. 
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Figure  2-7.  Drill  press. 

Always  check  the  manufacturer's  handbook  or  the  technical 
manual  for  information  conccming  the  feed  and  speed 
recommended  for  various  drilling  operations.  When  drilling 
hard  metal  or  steels,  use  a  cutting  oil  to  cool  and  prevent 
dulling  the  twist  drill.  With  proper  feed  and  speed,  the  drill 
usually  produces  a  spiraled  shaving;  however,  granular 
cuttings  are  produced  when  drilling  cast  iron  or  other 
porous  materials.  To  prevent  binding  or  breakage,  always 
reduce  feed  or  pressure  just  before  going  through  the  metal. 

Preventive  maintenance  procedures  for  a  drill  press 
consist  mainly  of  keeping  it  cleaned,  adequately  lubricated, 
and  properly  adjusted.  Like  other  machines  in  the  sheet 
metal  shop,  the  drill  press  should  have  a  maintenance 
record  folder  which  specifics  the  i.ems  to  be  inspected  and 
serviced,  the  intervals  of  inspection,  and  a  place  to  record 
and  initial  the  maintenance  accomplished.  A  drill  press, 
such  as  that  illustrated  in  figure  2-7,  should  be  inspected. 
Be  sure  that  the  belt  guard  is  installed,  that  the  V-belt  has 
the  correct  tension,  that  the  machine  is  clean,  and  that  all 
parts  operate  and  are  serviceable.  The  motor  of  the  drill 
press  illustrated  has  sealed  bearings  and  does  not  require 
oiling;  however,  the  spindle  and  the  depth  adjustment  feed 
handle  have  oil  cups  for  lubrication.  Lubricate  the  support 
column  with  an  oiled  rag  to  prevent  corrosion  and  to  allow 
the  working  table  and  head  assembly  to  move  up  and  down 
freely. 

Exercises  (218): 
1 .  What  item  must  you  wear  when  using  the  drill  press? 


2.  What  item  used  on  a  drill  press  should  never  be  left  in 
its  working  position? 


There  arc  several  types  of  punches  that  you  will  use  in 
sheet  metalwork,  including  those  for  marking  metal  before 
drilling,  for  removing  pins,  for  aligning  holes,  and  for 
piercing  holes.  Each  punch  is  designed  for  a  specific  job. 
Hand  punches  that  are  driven  with  a  hammer  which  you  use 
in  sheet  metalwork  include  the  center  punch,  prick  punch, 
starting  punch,  drift  punch,  pin  punch,  and  hollow  punch. 
Lever-type  punches  that  you  will  also  use  are  the  Whitney 
punch,  iron  hand  lever  punch,  and  rotary  punch. 

219.  State  the  type  of  punch  to  use  in  a  given  situation. 

Hand  Punches.  There  are  many  types  of  hand  punches 
that  can  be  used  in  sheet  metal  shops;  however,  the  punches 
illustrated  in  figure  2-8  are  used  more  often  than  others. 
The  heads  and  points  should  be  kept  in  good  condition  in 
the  same  manner  as  chisels.  The  center  punch  is  used  to 
make  a  small  depression  in  metal  prior  to  drilling  or 
punching.  This  depression  prevents  the  twist  drill  from 
''walking"  during  the  drilling  operation.  The  prick  punch  is 
used  to  establish  location  points  when  laying  out  patterns  on 
sheet  metal.  The  starting  punch  is  tapered  for  strength,  has 
a  blunt  tip,  and  is  used  to  loosen  tight-fitting  pins  that  are 
removed  from  a  hole.  A  ih-ift  punch  (taper  punch)  is  also 
used  to  loosen  tight-fitting  pins,  although  its  slender  taper  is 
not  as  strong  as  the  starting  punch.  The  drift  punch  is  often 
used  to  align  holes  in  two  pieces  of  metal  prior  to  installing 
screws,  bolts,  or  rivets.  The  pin  punch  has  no  taper;  it  is 
used  to  drive  out  rivets  which  have  had  the  heads  drilled  off 
and  to  drive  pins  out  of  holes  toe  deep  for  the  starting  punch 
or  drift  punch.  The  starting  punch,  drift  punch,  and  pin 
punch  are  blunt  end  punches  and  are  sometimes  called  solid 
punches.  Hollow  punches  when  used  with  suitable  backup 
material  are  used  to  pierce  holes  in  thin  metal. 

Whitney  Punch  and  Iron  Hand  Lever  Punch.  The 
Whitney  punch  and  the  iron  hand  lever  punch  have 
interchangeable  dies  for  piercing  holes  in  metal.  The 
Whitney  punch,  shown  in  figure  2-9,  is  used  to  punch  light 
gage  metal  and  is  available  with  dies  ranging  in  size  from 
1/16  to  3/32  inch.  When  making  holes  in  exact  locations, 
set  the  centering  point  in  the  center  punch  mark.  The  iron 
hand  lever  punch  is  similar  to  the  Whitney  punch  except 
that  it  has  longer  handles;  it  is  available  with  dies  ranging  in 
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Figure  2-8.  Hand  punches. 


size  from  3/32  to  1/2  inch.  Both  punches  have  short  throats 
and  are  used  when  hole  locations  are  near  the  edge  of  the 
material.  Both  punches  will  pierce  holes  much  faster  in 
light  gage  metal  than  it  is  possible  to  do  so  with  twist  drills. 
When  changing  punches  and  dies,  be  sure  :o  match  the 
sizes.  Too  large  a  punch  for  a  die  damages  the  cutting 
edges,  and  too  small  a  punch  pierces  the  hole  but  dimples 
the  material . 

Exercises  (219): 

1 .  Which  hand  punch  is  sued  to  loosen  tight-fitting  pins? 


2.   Which  punch  should  you  use  to  mark  points  on  sheet 
metal  layouts? 


3.   Which  punch  should  you  use  t<^  punch  2/16-inch  holes 
P/s  inches  from  the  edge  of  26-gage  sheet  metal? 


LOwfit 


Figure  2-9.  Whitney  punch. 
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Figure  2-10.  Rotar>'  punch. 


220.  State  the  factors  controlling  the  use  of  the  rotary 
punch,  and  specify  the  uses  of  reamers  and  rotary  files. 

Rotary  Punch.  This  large  punch  is  used  in  the  sheet 
metal  shop  to  punch  holes  in  metal  parts  such  as  baffled 
plates  and  tops  for  drain  tables.  It  can  also  be  used  for^ 
cutting  radii  in  comers  and  for  making  washers.  The  rotary 
punch  shown  in  figure  2-10,  is  found  in  many  Air  Force 
sheet  metal  shops.  It  is  composed  of  two  cylindrical  turrets, 
one  mounted  over  the  other  and  supported  by  the  frame. 
Both  turrets  are  synchronized  so  that  they  rotate  together, 
and  the  index  pins  maintain  correct  alignment  at  all  times. 
To  release  the  index  pins  from  their  locking  position,  the 
lever,  which  is  located  on  the  right  side  of  the  machine,  is 
rotated  180°.  This  action  will  withdraw  the  index  pins  from 
the  tapered  holes  and  allow  you  to  turn  the  turrets  to  any 
size  punch  desired. 

To  op.'^rate  this  rotary  punch,  place  the  metal  between  the 
die  and  punch.  Then  pull  the  hand  lever,  which  is  on  the  top 
right  side  of  the  machine,  towards  you.  This  forces  the 
punch  through  the  meial.  When  the  lever  is  returned  to  its 
original  position,  the  metal  will  be  stripped  off  the  punch. 

Stamped  on  the  front  of  each  dieholder  is  the  diameter  of 
the  punch  and  its  maximum  capacity  for  punching  mild 
steel.  Each  punch  is  made  with  a  point  which  can  be  placed 
in  the  center  punch  mark.  This  point  assures  you  of  the 
definite  location  to  be  pierced. 

To  accurately   align  the  punch   and  die,  you  must 
determine  where  the  adjustment  is  necessary  by  punching 
through  several  thicknesses  of  stiff  paper.  This  will  show 
which  side  of  the  die  has  the  greatest  clearance.  If  the  cut  is 
uneven,  loosen  the  lockscrews  and  tap  the  die  in  the  . 
opposite  direction.  When  the  paper  is  cut  evenly  all  around,^ 
tighten  the  punch  securely  with  the  lockscrews.  The^ 
lockscrews  are  located  between  each  set  of  dies. 
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Figure  2~l  I.  Reamers, 


The  principal  sai'ety  precaution  to  observe  when 
operating  the  rotary  punch  is  to  keep  your  fingers  away 
from  the  punch  and  die  and  to  return  the  hand  lever  to  the 
full  UP  position  after  each  operation  has  been  completed. 
Be  sure  the  operating  instructions  and  safety  precautions  for 
the  rotary  punch  are  legible  and  posted  in  the  most  obvious 
location. 

Reamers.  Tapered  reamers,  such  as  those  illustrated  in 
figure  2-11,  have  several  uses  in  sheet  metalwork.  They  are 
useful  for  enlarging  hole:  and  removing  burrs.  These 
reamers  have  tapered  spiral  flutes  with  cutting  edges 
somewhat  similar  to  the  countenink  you  saw  in  figure  2-5. 
One  of  the  reamers  illustrated  in  figure  2-11  is  turned  by 
hand,  and  two  are  used  with  a  carpent^  r\s  brace.  The  size 
and  shape  to  select  for  enlarging  holes  or  removing  burrs 
from  sheet  metal  is  determined  by  the  diameter  of  the  holes. 
Tapered  reamers  are  frequently  used  to  ream  the  ends  of 
tubing  or  pipe  which  have  been  cut.  Earlier  in  this  course, 
you  learned  that  burrs  should  be  removed  from  holes  prior 
to  installing  rivets.  Removing  burrs  is  also  a  good  safety 
practice  because  they  are  sharp  and  may  snag  flesh  and 
clothing.  When  using  reamers  to  enlarge  holes  or  to  remove 
burrs,  be  careful  not  to  use  too  much  force,  because  this 
causes  the  reamer  to  lake  too  large  a  ""bite"  and  remove  too 
much  metal  which  results  in  a  hole  that  is  oversized  or 
beveled. 

Rotary  Files,  Rotary  files,  such  as  those  illustrated  in 
figure  2-12,  have  1/4-inch  diameter  shanks  which  can  be 
''chucked"  in  a  hand  drill,  a  portable  electric  drill,  or  a  drill 
press.  Rotary  files  with  spiral  cutting  flutes,  which  are 
smaller  than  the  spiral  flutes  of  reamers,  are  used  more 
often  to  ream  or  enlarge  holes  than  to  remove  burrs. 


Preventive  maintenance  for  the  rotary  punch  consists 
mainly  of  keeping  it  cleaned,  adequately  lubricated,  and 
properly  adjusted.  At  intervals  specified  on  the 
maintenance  record  folder,  the  rotary  punch,  such  as 
illustrated  in  figure  2-10,  is  inspected  to  see  that  the  index 
pin  works  freely  and  locks  the  upper  and  lower  turrets 
easily.  If  necessary,  clean  and  oil  the  index  pin  and  aligning 
holes  in  the  turrets.  Next,  inspect  each  punch  and  die  to  see 
if  it  lowers  and  raises  freely  when  the  hand  lever  is  pulled 
forward.  Cleaning  and  oiling  are  necessary  for  any  punch 
that  sticks.  To  thoroughly  clean  this  piece  of  equipment, 
you  must  remove  any  sticking  punch.  Then  clean  the  punch 
and  its  sleeve,  and  lightly  coat  them  with  oil  before 
reassembly.  Next,  inspect  the  hand  lever  and  connecting 
linkage  for  cleanliness  and  freedom  of  operation;  if 
necessar\\  clean  and  oil  the  moving  parts.  Now,  inspect 
each  punch  for  proper  alignment  with  its  corresponding  die 
by  punching  several  thicknesses  of  stiff  paper.  Finally, 
wipe  off  all  excess  oil,  clean  all  painted  surfaces  with  a  dry 
rag  or  a  rag  moistened  with  soap  and  water,  and  wipe  all 
unpainted  surfaces  with  a  slightly  oiled  rag.  The  final  step  is 
to  make  the  appropriate  entries  in  the  maintenance  record 
folder. 
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Figure  2-12.  Rotary  files. 
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Although  in  most  cases  you  use  a  twist  drill  to  enlarge  a 
hole  in  sheet  metal,  sometimes  it  is  desirable  to  use  a  rotary 
file  instead.  Selection  of  the  size  and  shape  ot*  the  rotary  file 
to  use  depends  upon  the  job.  For  example,  the  rotary  files 
illustrated  in  figure  2-12  can  be  used  to  ream  holes,  to 
elongate  slots,  and  to  file  iiregularly  shaped  edges. 

Exercises  (220): 

1 .    1  low  are  reamers  used? 


2.   When  rotary  files  are  used,   where  may  they  bo 
mounted? 


3.   What  type  of  material  is  used  when  testing  a  rotary 
punch  for  correct  punch  die  alignment? 


4.  Can  the  top  tuiret  of  the  rotary  punch,  shown  in  figure 
2-10,  be  set  to  punch  through  a  die  that  is  too  large? 
Why? 


5.   How  are  rotary  files  are  used  most  often? 


2-3.  Rivets  and  Riveting  Tools 

In  this  section,  we  discuss  rivets,  their  properties,  user, 
and  steps  to  properly  install. 

221.  Describe  tinner ^s  rivets  in  terms  of  weight,  usage, 
advantages,  installation  procedures,  and  types  of  joints; 
and  determine  the  size  of  rivets  for  different  thicknesses 
and  material. 

Rivets  are  used  considerably  in  sheet  metalwork  and  are 
satisfactory  for  fastening  sheet  metal  from  both  the 
standpoint  of  strength  and  neatness,  if  properly  used. 
Riveting  can  be  done  by  hand  or  by  machine:  however,  in 
the  type  of  work  you  do,  most  riveting  is  done  by  hand. 


FLATHEAD     KOUND      COONTER  TINNERS 
HEAD  SUNK 
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Figure  2-13.  Typical  rivet  heads. 


Rivets  vary  in  the  following  respects:  the  kind  of  metal 
from  which  they  are  made,  type  of  head,  diameter,  and 
length.  Figure  2-13  illustrates  some  of  the  various  shapes  of 
rivet  heads  you  may  encounter.  The  rivet  most  often  used  in 
the  sheet  metal  shop  is  the  tinner's  rivet;  however,  you  may 
also  use  Monel,  aluminum,  and  blind  rivets  of  various 
shapes  and  styles. 

Tinner's  Rivets.  As  a  sheet  metalworker,  you  use 
tinner's  rivets  more  than  any  other  type.  They  are  made  of 
mild  (soft)  steel,  are  easily  formed  with  a  hand  riveting  set, 
and  are  usually  tinned.  The  tinner's  rivet  illustrated  in 
figure  2-13  is  available  in  various  diameters  and  lengths. 
The  rivet  sizes  are  identified  according  to  the  weight  per 
tru)usand.  For  example.  1 .000  of  the  smallest  tinner's  rivets 
(which  are  identified  as  8-ounce  rivets)  weigh  8  ounces. 
Tinner's  rivets  are  available  in  the  following  sizes:  8  oz,  1 
lb.  \  Va  lb,  1  Vz  lb,  Wa  lb.  2  lb,  IVi  lb.  3  lb,  4  lb,  5  lb,  6  lb,  7 
lb,  8  lb,  10  lb,  and  12  lb.  You  can  see  there  are  many  sizes 
available;  however,  in  the  sheet  metal  shop,  the  sizes  in  the 
following  list  are  used  more  than  the  others: 


Size  of 

DidfficU'r  (ff 

Gdi^c  of  Sheets 

Rivet 

S/umk 

Bein^ii  Joined 

1  lb 

OAiV)" 

3/16" 

26 

2  lb 

0.1 4S" 

^.'32" 

24 

2V:  lb 

0. 1607" 

5/16" 

22 

3  lb 

i)A(-)5" 

21  64" 

20 

4  lb 

0.176" 

1  1/32" 

16 

Monel 

Rivets.  Monel 

rivets,  like  other 

rivets,  vary  in 

diameter,  length,  and  head  shape.  These  rivets  are  harder  to 
drive  than  tinner's  rivets  because  of  the  hardness  of  the 
metal.  In  sheet  metalwork,  you  use  Monel  rivets  when 
manufacturing  or  repairing  parts  and  components  such  as 
stainless  steel  trays,  pans,  hoods,  and  serving  equipment  in 
dining  facilities. 

Aluminum  Rivets.  There  are  many  types  and  shapes  of 
aluminum  rivets  available;  however,  the  aluminum  sheets 
you  may  be  riveting  will  be  soft  aluminum  and  will  require 
soft  aluminum  rivets.  Two  general-purpose  aluminum 
rivets,  identified  as  the  1  lOO-F  and  3003,  arc  recommended 
for  use  on  nonstructural  parts  fabricated  from  soft 
aluminum.  The  1  lOO-F  and  3003  are  available  with  Oat 
countersunk,  round,  or  universal  heads.  The  main 
advantage  of  these  rivets  in  the  sheet  metal  shop  is  that  they 
can  be  used  without  further  treatment  and  are  easily  driven 
with  a  handsel. 

Blind  Rivet.  Blind  rivets  are  very  popular  and  have  made 
their  way  into  industry  as  approved  fasteners.  The  word 
•"blind"  refers  to  the  fact  that  access  with  a  bucking  bar  to 
the  back  side  of  the  material  being  riveted  is  not  necessary. 
Imagine  trying  to  buck  rivets  on  the  inside  of  a  pipe  handrail 
that  was  embedded  in  a  concrete  .step.  Figure  2-14  shows 
.some  blind  rivets  which  are  set  with  a  special  tool  called  a 
rivet  ^un. 

There  are  several  types  and  varieties  of  rivet  styles 
available  as  listed  in  figure  2-14.  Notice  that  there  are  also 
several  different  sizes  and  lengths.  Some  rivets  with  large 
diameter  heads  are  used  when  fastening  materials  other  than 
metal  (wood,  leather,  plastic,  or  fabric).  The  use  of  a 
washer  on  the  back  side  of  soft  material  will  allow  you  to 
rivet  two  or  more  pieces  of  .soft  material  together. 
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BUTTONKEAD  RIVETS  STEEL  SPACERS 

No,  SS-4— With  »/•*•  diameter  hole 
No.  SS-5 — With  Vw"  diameter  hole 
No.  SS-6 — With  >/it"  diameter  hole 
Drilled  half-inch  Steel  Squares  Vit" 
thick  for  use  as  a  back-up  washer  when 
existing  hole  is  over-size. 


4-2       4-3       4-4       L4-2    L4-4  L6-6  L6-3  L610 


Ml 

COUNTERSUNK 
RIVETS  FOR  JOBS 
WHICH  REQUIRE  A 
FLUSH  SURFACE. 
D-120  ORILL  MAKES 
HOLE  AND  COUNTER' 
SINKS  IN  ONE 
OPERATION. 


LS12 


U  U  !! 


WHEN  FASTENING  SOFT  MATERIALS 
SUCH  AS  WOOO,  ELASTIC, 
LEATHEK,  OR  FABRIC,  FOR  A 
GREATER  0ISTRI8UTI0N  OF 
HCAO-BEARING  LOAD. 

~  diameter 


V     V4"  diameter    J    V  ^"diameter 

 ^  ^   ^  — 

1W  COUNTERSUNK      LARGE  FLANGE  BUTTONHEAD  RIVETS 
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Figure  2-14.  Blind  riv-Jts. 
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Figure  2-15.  Blind  rivet  guns. 


To  use  a  blind  rivet  gun,  as  shown  in  figure  2-15,  place 
the  rivet  stem  into  the  rivet  gun  and  then  place  the  body  of 
the  rivet  through  a  predrilled  hole.  Hold  the  rivet  firmly 
against  the  work  and  squeeze  the  handle  until  the  stem 
breaks  off.  The  blind  rivet  pulling  head  in  figure  2-16 
shows  the  internal  parts  of  a  pulling  head  and  rivet  installed 
and  set.  Most  all  pulling  heads  work  on  the  same  principle; 
that  is  the  jaws  grip  the  mandrel  as  ihey  arc  pulled  upward 
and  the  upward  motion  continues  until  the  mandrel  breaks 
in  two.  Maintenance  on  the  pulling  head  lies  with  the  jaw 
When  they  get  loaded,  they  slip.  So  when  your  rivet  gun 
begins  to  slip,  it  is  telling  you  to  clean  the  teeth  on  the  jaws. 
This  can  usually  be  done  with  a  wire  brush  atter 
disassembly  of  the  pulling  head. 

Design  of  Riveted  Joints.  Riveted  joints  are  of  two 
general  types — lap  joints  and  butt  joints.  The  lap  joint  is 
made  by  placing  the  sheets  of  metal  so  that  one  sheet 


overlaps  the  other.  The  butt  joint  is  made  by  butting  the 
plate  or  sheet  ends  together  and  using  one  or  more  cover 
plates.  Both  types  of  joints  can  be  single  riveted,  double 
riveted,  or  triple  riveted,  depending  upon  whether  one,  two, 
or  three  rows  of  rivets  are  used.  If  more  than  one  row  of 
rivets  is  used  and  the  rivets  are  directly  behind  each  other, 
they  are  said  to  be  chain  riveted.  If  they  arc  diagonally 
behind  each  other,  they  are  stagger  riveted.  Chain  or 
stagger  riveting  can  be  used  both  in  lap  and  in  butt  joints 
when  more  than  one  row  or  rivets  is  used. 

Rivet  spacing  for  the  joint  can  be  obtained  from  the 
drawing  or  blueprint.  If  the  spacing  is  not  specified,  the 
type  of  seam  will  serve  as  a  guide  in  determining  whether 
the  rivets  are  spaced  close  together  or  far  apart.  For 
instance,  a  joint  that  must  be  liquidtight  has  many  more 
rivets  per  inch  than  a  joint  that  need  not  be  liquidtight. 
Whatever  the  rivet  spacing,  the  center  of  the  rivet  hole  is 
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located  twice  the  diameter  of  the  rivei  head  Irom  the  edge  of 
the  sheet  (some  sheet  metalworkers  prefci  to  use  two  and 
one-half  times  the  sliank  diameter).  The  number  ot  rows  of 
rivets  used  hi  making  a  joint  depends  on  the  amount  of 
strength  needed  in  the  joint.  The  distance  between  rows  of 
the  rivets  is  known  as  the  transverse  pitch,  and  the  distance 
between  the  rivets  in  the  same  row  is  called  the  rivet  pitch. 

Determining  Rivet  Size.  The  diameter  of  the  rivet  is 
usually  determined  by  the  thickness  of  the  plate  or  sheet 
stock  from  which  the  part  is  made.  Unless  otherwise 
specified,  the  diameter  of  the  rivet  shank  is  approximately 
three  times  the  thickness  of  the  sheet  metal.  The  length  of 
the  rivet  shank  is  determined  by  the  combined  thickness  of 
the  sheet  lo  be  fastened.  The  shank  should  protrude  through 
the  metal  sheets,  as  shown  in  figure  2-17,  about  one  and 
one-half  times  the  diameter  of  the  rivet  to  permit  the 
forming  of  a  good  shaped  head  and  for  maximum  holding 
strength. 

Making  a  Rivet  Hole.  After  the  rivet  size  is  determined 
and  the  layout  completed,  the  center  of  the  hole  is  marked. 
Thi :  is  done  by  placing  a  sharp  pointed  punch  on  the  center 
and  striking  it  lightly  with  a  hammer,  then  completing  the 
operation  of  making  the  hole  by  using  a  drill  or  punch.  The 
hole  should  be  slightly  larger  than  the  rivet.  If  the  location 
of  the  holes  is  near  the  edge  of  the  sheet,  use  the  Whitney 
hand  punch  for  piercing  the  holes.  If  the  location  of  the 
holes  is  not  near  the  edge  of  the  metal,  use  a  hand  drill  or 
power  drill  for  piercing  the  holes.  Whichever  way  you 
make  the  holes,  remember  that  the  edges  of  the  holes  must 
be  smooth  and  the  holes  slightly  larger  than  the  rivet. 
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1.  Rivet 

2.  Mandrel 

3.  Nose  piece 

4.  Body 


5.  Jaws 
{,  Material 

7.  Frame 

8.  Expended  Mandrel 


PROTRUSION 


7  I  /2  TIMES  SHANK 
DIAMETER 
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I-igurc  2-17.  Pup  rivcl  Icnulh. 


When  several  sheets  are  to  be  drilled  or  punched,  use  a 
template  to  locate  the  holes.  On  individual  sheets,  you  can 
use  a  pencil,  compass,  scriber,  or  dividers.  However,  you 
should  not  use  a  scriber  on  aluminum  or  stainless  steel, 
because  this  scratches  the  metal  and  may  cause  aluminum 
to  crack  when  being  formed.  A  soft,  pointed  pencil  is 
recommended  for  marking  aluminum  and  stainless  steel. 

Before  driving  rivets,  remove  any  burrs  and  chips  to 
prevent  marrinu  the  metal.  This  also  permits  the  sheets  to 
seat  tightly  against  each  other.  Burrs  can  be  removed  by 
inserting  the  point  of  a  larger  size  twist  drill  in  the  hole  and 
turning  it.  A  countersink  may  be  used  in  the  same  manner. 

To  insure  proper  alignment  or  rivet  holes,  the  sheets  must 
be  held  in  proper  relation  to  each  other  while  the  rivets  are 
being  inserted.  A  holding  device,  called  a  Cleco,  is  the  tool 
to  use  for  this  job.  A  Cleco  in  every  third  or  fourth  hole 
along  the  seam  is  usually  sufficient.  Figure  2-18  shows  how 
the  Cleco  is  used. 

Exercises  (221): 

I.   If  you  had  2  pounds  of  3-lb  tinner's  rivets,  how  many 
rivets  would  you  have? 


2.   What  length  of  rivet  is  needed  for  joining  two  sheets  of 
16-gage  metal? 


3.   What  type  of  rivets  are  used  in  manufacturing  or 
repairing  items  in  a  dining  facility? 


4.  What  is  the  rivet  seam  called  on  a  joint  that  has  double 
row  rivets  and  the  rivets  in  each  row  are  not  behind 
each  other? 


5.   What  are  the  main  advantages  of  blind  rivets? 


Figure  2-16.  Pulling  head. 
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9.   List  the  three  steps,  in  sequence,  for  installing  a 
tinner's  rivet. 

7.   What  si/e  ol  twist  drill  is  recommended  tor  a  1/S-inch 
pop  rivet? 


8.   What  is  a  Cleco  and  why  is  it  used? 


10.   What  causes  ihe  blind  rivet  pulling  head  to  slip  on  the 
mandrel? 


Figure  2-19.  Setting  rivets. 
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222.  List  steps  and  name  tools  used  to  install  or  remove 
rivets. 

Rivets  are  usually  installed  by  placing  the  manufactured 
head  against  a  sohd  surface,  such  as  a  backing  plate,  und 
following  the  steps  shown  in  figures  2-19,  2-20,  and  2-21. 
This  procedure  is  used  when  setting  rivets  with  a  hand 
riveting  set.  The  steps  illustrated  are  necessary  to  insure  a 
strong  rivet  with  a  proper  head  and  to  prevent  the  joint  from 
being  distorted. 

If  the  setting  step,  illustrated  in  figure  2-19,  is  not 
pcrformeJ  correctly,  the  sheets  may  not  seal  tightly  against 
each  other  and  may  cause  the  rivet  to  swell  between  the 
sheets  during  the  upsetting  step,  as  shown  in  figure  2-20.  A 
second  problem  often  appears  when  the  rivet  head  is  not 
seated  up  tight  against  the  metal.  This  causes  the  rivet  to 
swell  below  the  metal  as  shown  in  figure  2-22.  Either 
problem  makes  the  rivet  too  short  to  form  a  proper  head, 
causes  the  metal  around  the  hole  to  dimple  (bulge),  and 
fails  to  form  a  strong  joint. 

Upsetting  the  rivet,  as  shown  in  figure  2-20,  is  also  very 
important,  since  it  is  the  beginning  of  the  heading  process. 
If  the  rivet  is  struck  too  hard,  the  rivet  shank  will  be  ( 
flattened  too  much  to  form  a  good  head  during  the  heading 
step. 
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Figure  2-21 .  Heading  rive  Is. 

The  heading  step,  illustrated  in  figure  2-21,  uses  the 
head-forming  depression  of  the  rivet  set  to  form  a  strong 
well-shaped  head.  Heading  the  rivet  enlarges  the  head  to 
provide  a  holding  surface  all  around  the  hole,  as  shown  n 
figure  2-23. 

The  tools  needed  for  hand  riveting  are  a  riveting 
hammer,  a  rivet  set,  and  a  backing  surface,  such  as  a 
backing  plate,  hand  dolly,  or  bench  stake.  Rivet  sets  3/16- 
inch  in  diameter  and  under  are  available  in  most  sheet 
metalworker  toolkits.  A  rivet  .set  is  required  to  form  a  good 
shaped  head  on  the  rivet.  The  size  of  the  .set  depends  upon 
the  size  of  the  rivet.  The  shape  and  size  of  the  backing 
piate,  hand  dolly,  or  bend  stake  depend  on  the  size  of  the 
rivet,  thickness  and  size  of  the  material,  location,  and 
conditions  under  which  the  driving  is  taking  place. 
Therefore,  many  shapes  and  sizes  of  hand  dollies  and  bench 
stakes  are  available  in  most  sheet  metal  shops.  A  piece  of 
square,  cold-rolled  steel  bar  of  the  proper  weight  can  be 
used  as  a  backing  plate  when  no  interference  exists.  Where 
riveting  is  not  so  simple,  hand  dollies  or  bench  stakes  of 
various  shapes  are  used.  They  are  designed  to  overcoine  the 
interference  and  still  have  enough  weight  to  support  setting, 
upsetting,  and  heading.  Hand  dollies  are  .sometimes  called 
bucking  hars\  When  riveting  Hat  sheets  where  no 
interference  exists,  use  a  Hat  steel  plate  .secured  to  the 
workbf^nch. 


RIVET  NOT  DRAWN  SHEETS  NOT  DRAWN 


Figure  2~22.  Improperly  set  rivet. 


DRIVEN  HEAD 


MANUFACTURED  HEAD 
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Figure  2-23  Properly  set  rivet. 


Drawing  Rivets.  Drawing  rivets  is  a  process  where 
drilling  or  punching  holes  is  not  necessary.  This  procedure 
is  used  with  light  gage  sheet  metal,  such  as  30,  28,  and  26 
gage.  A  solid  rivet  is  placed  head  down  on  a  bench  plate  or 
stake  with  the  joint  placed  over  the  rivet .  The  joint  is  tapped 
lightly  with  a  mallet  to  make  an  impression  of  the  rivet 
shank.  The  set,  shown  in  figure  2-19,  is  placed  over  the 
impression  in  the  joint,  and  the  set  is  tapped  with  a  riveting 
hammer  to  draw  the  rivet  through  the  light  sheet  metal.  This 
method  is  useful  when  manufacturing  funnels  and  cylinders 
and  joining  light  sheets. 

Removing  Rivets.  When  removing  a  rivet,  take  care  to 
maintain  the  original  size  and  shape  of  the  rivet  hole  so  that 
replacement  with  a  larger  rivet  is  not  necessary.  If  the  rivet 
is  not  re;noved  properly,  the  strength  of  the  joint  is 
weakened  and  replacement  of  additional  rivets  is  made 
more  difficult. 

When  removing  a  rivet,  drill  the  manufactured  head, 
because  it  is  more  symmetrical  than  the  shop-made  head 
and  there  is  less  chance  of  damaging  the  rivet  hole  or  the 
metal  around  it.  Rivets  are  removed  with  handtools,  a 
power  tool,  or  a  combination  of  both.  The  round 
manufacture  head  of  a  rivet  should  be  filed  flat  and  center 
punched  for  drilling,  as  shown  in  figure  2-24.  (When  center 
punching  on  thin  sheet  stock,  back  up  the  rivet  on  the  upset 
head  to  avoid  depressing  or  buckling  the  metal.) 

Select  a  twist  drill  of  the  same  size  as  the  rivet  shank  and 
drill  the  rivet  head  out,  as  shown  in  figure  2-24.  When  a 
power  drill  is  used,  the  point  of  the  drill  is  set  on  the  rivet 
and  the  shuck  rotated  .several  times  by  hand  before  turning 
on  the  power.  This  helps  the  drill  cut  a  good  starting  spot, 
which  eliminates  the  possibility  of  the  drill  slipping  off  the 
rivet  head  and  tracking  the  metal.  Then,  the  rivet  is  drilled 
the  depth  of  the  head,  making  sure  the  drill  is  held  at  a  90° 
angle  to  the  rivet  head.  The  rivet  head  usually  breaks  away 
and  climbs  the  drill  as  .soon  as  the  head  is  completely 
pierced.  This  is  a  good  signal  to  cea.sc  drilling.  Do  not  drill 
too  deep  as  the  rivet  shank  may  fail  to  turn  with  the  drill  and 
cause  the  metal  to  tear.  If  the  rivet  head  should  fail  to  come 
loose  of  its  own  accord,  insert  a  drift  punch  in  the  hole,  as 
shown  in  figure  2-24,  and  twist  slightly  to  either  the  left  or 
right  until  the  head  comes  off  the  rivet. 

The  final  step  is  to  drive  the  rivet  out  with  a  pin  punch 
slightly  smaller  than  the  diamc'.er  of  the  rivet  shank. 
Support  light  gage  metal  with  a  solid  object,  such  as  a 
bucking  bar,  when  you  drive  out  the  shank  of  the  rivet. 
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Figure  2-24.  Removing  a  rivet. 

Exercises  (222): 
1 ,   What  arc  the  three  steps  of  installing  tinners  rivets? 


2,  What  procedure  should  you  use  to  remove  a  solid 
rivet? 


3,   How  do  yon  ''draw"  a  rivet,  and  what  tools  are 
required? 


2-4.  Fastening   Sheet   Metal   Components  with 
Screws,  Bolts,  and  Nails 

You  need  to  know  the  kinds  of  screws,  bolts,  and  nails 
that  are  used  in  sheet  metalwork.  including  their  names, 
sizes,  shapes,  type  of  metal,  and  uses.  This  information  will 
enable  you  to  use  the  proper  fastener  for  the  job  and  help 
you  to  obtain  the  correct  fasteners  from  supply.  Bolts  and 
screws  used  in  the  sheet  metal  shop  are  usually  made  from 
iron,  steel,  aluminuiTi,  or  stainless  steel. 

223.  Specify  the  types  and  uses  of  sheet  metal  screws, 
stove  botts,  machine  screws,  nuts  and  nails. 

Sheet  Metal  Screws.  Sheet  metal  screws  are  frequently 


used  in  locations  that  make  riveting  difficult  or  for  fastening 
sheet  metal  parts  that  may  later  be  disassembled.  If  the  hole 
is  drilled  or  punched  to  the  proper  si?c.  sheet  metal  screws 
are  easily  installed  as  they  form  their  own  threads  in  the 
metal  during  installation.  If  the  hole  is  too  small,  the  sheet 
metal  screw,  which  is  hardened,  may  break,  making 
removal  difficult.  Three  types  of  sheet  metal  screws  (type 
A,  type  Z.  and  self-tapping)  are  illustrated  in  figure  2-25. 
Notice  that  type  A  and  type  Z  have  several  different  head 
styles;  reading  from  left  to  right,  they  are  roundhead,  pan 
head,  stove  head,  countersunk  flathead,  and  countersunk 
ovalhead. 

Type  A  sheet  nieuil  serew^  Type  A  sheet  metal  screws 
have  a  sharp  point  and  resemble  a  wood  screw  except  that 
the  threads  are  more  course  and  extend  to  the  head  of  the 
screw.  These  type  A  screws  are  recommended  for  joining 
and  fa,stening  light  gages  of  sheet  metal. 

Type  Z  sheet  metal  screxww  Type  Z  sheet  metal  screws 
have  blunt  points  and  the  same  threads  as  type  A;  they  are 
recommended  for  joining  and  fastening  light  or  heavy-gage 
metal, 

Self'tappiui^  sheet  metal  screws.  Self-tapping  sheet  metal 
screws  illustrated  in  figure  2-25  are  recommended  for 
heavier  gage  sheet  metal,  since  they  form  threads  while 
being  screwed  into  the  proper  size  hole.  This  sheet  metal 
screw  is  also  available  with  a  hex  head  for  use  with  socket 
wrenches. 

Stove  Bolts.  Stove  bolts,  illustrated  in  figure  2-26,  were 
originally  developed  for  use  on  stoves,  as  the  name 
suggests.  They  are  small  and  can  be  used  for  many  jobs 
where  accuracy  and  strength  are  not  required  and  where 
vibration  does  not  shake  the  nuts  loose.  Stove  bolts  have 
coarse  threads  and  are  normally  made  of  iron;  they  may  be 
plated  to  prevent  corrosion.  Stove  bolts  may  be  obtained 
with  roundheads,  flatheads.  or  ovalheads.  When  you  order 
or  draw  stove  bolts  from  supply,  the  kind  of  head,  diameter, 
threads,  lerigth,  and  finish  are  required  to  determine  the 
stock  number.  For  example:  bolt,  stove,  steel,  roundhead, 
I  /4"— 20  uy  I "  cadmium  plated. 
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Figure  2-25.  Sheet  metal  screws. 


CPH-l 


ERIC 


36 

163 


FLAT 
HEAD 


ROUW 
HEAD 


CPH*6 


Figure  2-26.  Stove  bolts. 


Machine  Screws.  The  term  **machine  screw"  is  the 
general  term  used  to  designate  small  screws  that  may  be 
used  in  tapped  holes  or  with  nuts.  Most  machine  screws 
have  fine  threads  and  are  made  of  steel  or  brass;  they  may 
be  plated  to  prevent  corrosion.  A  variety  of  diameters, 
lengths,  and  head  shapes  are  manufactured,  r  ome  of  which 
are  shown  in  figure  2-27.  When  you  order  or  draw  machine 
screws  from  supply,  the  kind  of  head,  diameter,  threads, 
length,  and  finish  are  required  to  determine  the  stock 
number.  For  example:  screw,  machine,  roundhead,  3"-32 
by  I",  cadmium  plated.  Figure  Z-28  is  a  list  of  American 
(National)  screw  thread  sizes  and  tap  drill  sizes. 

Nuts.  When  sheet  metal  parts  are  being  fastened  with 
stove  bolts  or  machine  screws,  it  is  necessary  to  use  nuts  of 
the  same  size  and  thread.  The  size  of  the  nut  is  determined 
by  the  diameter  of  the  bolt  or  screw  it  is  to  fit.  For  example: 
a  3/16-inch  nut  will  fit  a  3/16-inch  bolt  or  screw  if  the 
threads  are  the  same.  Nuts  may  be  made  of  brass,  steel,  or 
iron,  or  they  may  be  plated  the  same  as  the  bolt  or  screw. 
Nuts  are  made  in  several  shapes,  such  as  square,  hexagon, 
wing,  self-locking,  and  sheet  spring.  Many  other  shapes  are 
available,  but  these  are  the  most  common  in  sheet 
metalwork. 

Square  nuts  are  square  shaped,  as  the  name  implies,  and 
are  rightened  with  an  open  end  wiench  or  adjustable 
wrench.  Stove  bolts  usually  have  square  nuts. 

Hexagon  nuts,  commonly  called  hex  nuts,  have  heads 
with  six  sides  and  are  tightened  with  an  open-end  wrench, 
adjustable  wrench,  box  end  wrench,  or  socket  wrench.  The 
box-end  and  socket  wrenches  are  recommended  because 
they  fit  tighter  and  reduce  the  chance  of  rounding  the 
comers  of  the  nut.  Machine  screws  normally  have  hex 
nuts. 

Wing  nuts,  illustrated  in  figure  2-29,  are  identified  by  the 
wings  extending  from  the  two  sides  of  the  body  of  the  nut. 
They  are  tightened  by  hand  and  used  when  easy  or  repeated 
removal  is  desirable. 

Self-locking  nuts  differ  from  the  nuts  already  described 
because  they  have  a  locking  device  built  in  or  secured  to  the 
nut  to  act  as  a  binder.  They  are  usually  hexagon  shaped  and 
are  held  in  place  while  the  machine  screws  are  installed. 
Self-locking  nuts  are  used  when  vibration  is  encountered. 

Sheet  spring  nuts  are  manufactured  from  sheet  spring 
naaterial,  usually  steel,  into  varying  flat,  concave,  bent,  or 
curved  designs.  The  hole  in  the  spring  nut  has  internal  lugs 
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or  prongs  that  are  capable  of  securing  and  gripping  the 
threads  of  a  screw  or  bolt.  Flat  spring  nuts  must  be  held  in 
place  vvhiie  a  bolt  or  screw  is  installed.  Other  spring  nuts 
are  folded  like  a  clip  and  stay  in  place  vvhiie  a  bolt  or  screw 
is  installed.  Folded  spring  nuts  can  be  used  only  near  the 
edges  of  sheet  metal;  the  metal  parts  being  joined  must  have 
a  hole  drilled  or  punched  to  allow  a  bolt  or  screw  to  pass 
through. 

Nails.  Nails  are  manufactured  in  many  sizes  and  shapes 
and  are  used  with  many  types  of  material.  Some  are  coated 
for  resistance  to  corrosion  and  for  in'^reased  holding  power 
in  wood.  The  shank  of  the  nail  may  be  spiraled,  such  as  the 
screw  nail  illustrated  in  figure  2-30.  The  screw  nail  has 
replaced  the  common  nail  for  attaching  sheet  metal  to 
wood,  since  it  has  greater  holding  power.  Also,  the  screw 
nail  is  made  from  harder  material  than  ordinary  nails  and 
can  be  driven  through  light-gage  sheet  metal  without  first 
drilling  a  bole.  The  size  and  type  of  nail  is  determined  by 
the  strength  desired  and  the  thickness  and  location  of  the 
material  into  which  it  is  driven. 

Exercises  (223): 
1 .  Where  are  sheet  metal  screws  used? 


2.   What  type  sheet  metal  screw  has  a  point? 


3.   Stove  bolts  are  used  where  strength  is  not  required  and 
they  are  not  subjected  to  . 


4.  With  what  are  machine  screws  used? 


5.   What  are  the  most  common  types  of  nuts  used  in  the 
metal  shop? 


6.   What  type  of  nail  is  used  to  secure  sheet  metal  to 
wood?  Why? 
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Figure  2-27.  Machine  screws. 
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Figure  2-28.  American  (National)  screw  thread  sizes. 
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Figure  2-29.  Wing  nut. 


224.  List  some  of  the  uses  of  clips,  cleats,  hangers,  and 
braces. 

In  the  previous  two  sections,  you  learned  how  rivets, 
bolts,  screws,  and  nails  are  used  for  fastening  sheet  metal 
components  and  assemblies.  In  this  section,  we  discuss 
clips,  cleats,  hangers,  and  braces  that  are  used  to  fasten 
sheet  metal  components  and  assemblies.  These  fastening 
devices  are  usually  fabricated  in  the  sheet  metal  shop  to  Tit  a 
particular  assembly  or  component.  Although  only  a  few  of 
the  many  variations  of  these  devices  are  described  here,  the 
illustrations  will  give  you  a  good*  idea  of  how  the  devices 
are  used,  and  it  will  not  be  difficult  for  you  to  make 
adaptations  for  similar  sizes,  shapes,  and  uses. 

Clips.  Clips  are  used  to  dress  and  strengthen  comers  of 
sheet  metal  assemblies  that  have  been  notched  or  damaged. 
Figure  2-31  is  an  example  of  how  a  clip  is  used  to 
strengthen  the  comer  of  a  standing  seam.  The  size  and 
shape  of  the  clip  is  determined  by  the  size  and  shape  of  the 
comer,  joint,  or  seam  being  strengthened. 

Cleats.  Cleats  are  fasteners  used  to  secure  metal  flashing 
and  roofing.  The  cleat  is  nailed  at  one  end  to  the  roof  and 
the  remainder  is  formed  into  the  seams.  Cleats  may  be  used 
with  standing  or  grooved  seams.  The  length  of  cleats  is 
determined  by  the  seam  being  used;  however,  the  width 
should  not  exceed  2  inches.  Figure  2-32  is  an  example  of 
one  type  of  cleat  used  with  galvanized  sheets — notice  the 
location  of  the  holes.  When  you  install  soft  copper  roofs, 
the  cleats  should  have  nail  holes  located  near  the  end  so  that 
1/2  inch  of  the  cleat  can  be  folded  back  over  the  nailheads; 
this  prevents  the  nail  from  backing  out  and  damaging  the 
copper  sheet. 

Hangers.  Hangers  are  used  to  support  the  level  heating 
and  air-conditioning  ducts.  Figure  2-33  illustrates  some  of 
the  types  and  shapes  you  may  use.  The  size  and  shape  of  the 
hanger  depends  upon  the  size,  weight,  and  material  of  the 
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Figure  2-31 .  Clips. 


duct  it  supports.  The  location  and  the  material  of  the 
structure  supporting  the  hanger  arc  other  dctemiining 
factors  in  selecting  the  type  of  hanger. 

Braces.  Braces  are  used  when  ducts  are  large  and  the 
sheet  metal  needs  additional  support  and  strength.  Figure 
2-34  illustrates  three  uses  of  braces;  however,  there  are 
many  other  variations.  The  size  and  shape  of  the  brace 
depends  on  the  size  and  shape  of  the  assembly. 

Exercises  (224): 
1 .   Where  are  clips  used? 


2.   Why  are  clips  used? 
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Figure  2-30.  Screw  nail. 


F-igurc  2-32.  Cleat. 
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Figure  2-34.  Uses  of  braces. 

Figure  2-33.  Hangers. 
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LOW  VELOCITY  INDIRECT  ACTING  PRINCIPLE 

Expanding  gases  produced  by  activating  the  power  source  drives  a 
captive  piston  which  pushes  the  fastener  into  the  work. 

1.  trigger  is  pulled. 

2.  firing  pin  released. 

3.  firing  pin  ignites  power  load. 

4.  expanding  gases  drive  piston. 

5.  fastener  pushed  into  work  surface  by  piston. 


Figure  2-35.  Indirect  acting  powder  actuated  tool. 


3.  On  a  flat  mclal  roof,  what  keeps  the  roofing  n^ils  from 
damaging  the  roof? 


4.   When  are  the  braces  used? 


5.   How  arc  hangers  used? 


2-5.  Powder  Actuated  Tools 

Powder  actuated  tools  are  more  commonly  known  by 
their  various  trade  names,  for  example,  Ramset  or  Hilti. 
The  use  of  these  tools  can  greatly  reduce  the  time  required 
to  install  fasteners  in  many  jobs,  as  well  as  make  the  job 
easier.  There  are,  however,  spooiai  precautions  that  must  be 
taken  and  procedures  to  foUo\v*  in  the  use  of  these  tools. 
Because  of  the  variety  of  biT...ds  available,  and  the  variety 
of  models  available  from  -e^ch  manufacture  we  discuss 
only  general  feature'^,  operating  procedar<;s,  and  sdtety 
precautions.  These  '.ools  shci/id  be  c-scd  only  after  ^:oper 
hands-on  training  and  afttr  carefui  stuOy  of  the  proper 
operator's  manual  that  accompanies  eucr.  lool. 

225.  Identify  specific  components  of  powder-actuated 
tools,  and  cite  safety  factors  Kiv  ,ivtu  in  their  use. 

Powder  Actuated  Tool  Cois.^ponents.  There  are  two 
basic  types  of  powder  actuated  ools  -  direct  acting  and 


indirect  acting.  The  difference  between  them  is  in  how  the 
fastener  is  driven  into  the  work.  The  indirect  acting  type  is 
designed  for  light  and  medium  duty  fastening,  while  the 
direct  acting  type  is  designed  for  heavier  duty  fastening. 

Indirect  acting.  The  indirect  acting  tool  as  shown  in 
figure  2-35  uses  a  powder  charge  to  drive  a  piston  which  in 
turn  drives  the  fastener  into  the  work.  An  advantage  this 
tool  has  over  the  direct  acting  tool  is  its  barrel  design  which 
allows  it  to  be  used  in  confined  areas. 

Dinx't  acting.  This  tool,  shown  in  figure  2-36,  is 
designed  for  heavier  duty  applications.  The  powder  charge 
drives  the  fastener  down  the  barrel  of  the  tool  and  into  the 
work,  in  the  same  way  a  handgun  fires  its  projectile. 

Fa.steners.  There  are  many  fastener  styles  available  to  be 
used  with  either  tool.  The  most  common  ones  used  are  the 
pins  and  studs  as  shown  in  figure  2-37.  The  correct  fastener 
to  use  depends  on  which  tool  and  the  materials  being 
fastened.  Always  refer  to  the  manufacturer's  handbook  for 
the  proper  selection. 

Powder  loads.  The  loads  or  charges  you  select  also  vary 
from  job  to  job.  These  charges  are  color  coded  and 
numbered  to  indicate  their  power  level.  To  determine  what 
load  is  right  for  the  job  you  should  always  make  a  test 
fastening  with  the  lowest  power  level  recommended  for  the 
tool. 

Applications  and  Safety.  The  wide  variety  of  power 
loads  and  fasteners  will  help  you  on  many  jobs.  Hanging 
ductwork  from  a  concrete  beam  ceiling  is  one  example  of 
when  this  tool  would  save  many  man-hours  work.  It  can  be 
safely  used  to  fasten  through  and  into  a  wide  variety  of 
materials  as  shown  in  figure  2-38.  Because  of  the  nature  of 
the.se  tools,  you  must  observe  special  safety  precautions 
when  using  them.  Following  is  a  list  of  safety  precautions 
from  the  Ramset  owners  manual;  however,  these 
precautions  apply  to  all  powder  actuated  tools. 
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Expanding  gases  produced  by  activating  the  power  source  accelerate 
the  fastener  within  the  tool,  generating  the  energy  required  to  set 
the  fastener  into  the  work. 

1.  trigger  is  pulled. 

2,  firing  pin  released. 

3,  firing  pin  ignites  power  load. 

4.  expanding  gases  propel  fastener  down  the  barrel  and  into  work 
surface. 

Figure  2-  -36.  Direct  acting  powder  actuated  tool. 


WARNING.  Ramsel  powder  actuated  tools  are  to  be  used 
only  by  trained  qualified  operators  according  to  Ramset's 
instruction  manuals  that  are  provided  with  each  new 
Ramset  tool. 

Failure  to  obey  Ranisct's  safety  .id  operating 
instructions  regarding  the  use  of  standard  velocity  tools  can 
result  in  injury  or  death  to  the  operator  or  bystanders  duL  to 
escaping  fastener. 

Closing  low  velocity  piston  drive  tools  by  placing  hand 
over  muzzle  can  result  in  discharge  of  tool  and  penetration 
of  hand  by  fastener  or  piston. 

GENERAL  PRECAUTIONS.  Do  not  operate  any  Ramset 
powder  actuated  tool  unless  you  have  been  properly  trained 
by  a  Ramset  authorized  instructor  and  have  been  issued  a 
qualified  operator's  card. 

Always  read  your  operator's  instruction  manual  prior  to 
operating  any  Ramset  powder  actuated  tool. 

Use  only  Ramset  fasteners,  power  loads  and  tool  parts 
specifically  designed  for  your  application  and  the  Ramsel 
tool  being  used. 

Do  not  alter  tool  parts  or  manufacture  replacement  parts 
for  any  Ramset  powder  actuated  tool.  If  in  doubt,  call  your 
Ramset  representative. 
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Figure  2-37.  Common  fasteners. 
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Analy/c  base  material  as  described  in  your  instructor's 
manual.  A  simple  center  punch  test  with  a  tastcner  and 
hammer  will  help  avoid  fastening  into  unsuitable  materials 
that  are  very  soft,  brittle,  or  exceptionally  hard. 

When  using  the  standard  velocity  tool  make  certain  that 
the  shield  is  in  full  position.  Halt' shield  position  should  be 
used  only  in  corner  applications  or  where  physical 
restrictions  provide  protection  from  escapine  fasteners. 

LOADING  PROCEDURES.  Always  load^  fastener  before 
inserting  power  load.  *  Close  tool  manually.  Never  close 
tool  against  work  surface.  Never  place  hand  over  end  of 
mu//.lc. 

l.oaded  tools  should  close  easily.  If  tool  binds  or 
otherwise  fails  to  close,  reopen  and  check  for  debris  in 
breceh  or  improperly  seated  breechplue  or  load. 

OPERATING  PROCEDURES.  Read  your  operator's 
manual  regarding  operation  of  your  specific  Ramset  tool. 
Always  make  a  test  fastening  with  the  lowest  power  level 
recommended  for  use  in  your  Ramset  powder  actuated  tool. 
Always  hold  tool  perpendicular  to  work  surface.  Do  not 
attempt  to  operate  tool  at  an  angle. 

Do  not  operate  any  powder  actuated  tool  in  an  explosive 
or  Hammable  atmosphere.  Do  not  fa.sten  into  spalled  or 
cracked  concrete.  Do  not  fa.sten  through  predrilled  holes  in 
concrete  or  .steel.  Observe  proper  edge  and  spacing 
distances. 

If  you  decide  not  to  make  a  fa.sten ing,  unload  your  tool 
by  removing  powder  load  first,  then  the  fastener. 

Exercises  (225): 

I .   What  code  is  u.sed  to  indicate  the  power  level  of  a 
specific  power  load? 


Figure  >  38.  Fastener  applications. 


Which  type  powder  actuated  tool  would  be  best  to  use 
for  light  fastening  in  a  confined  area? 


Always  wear  goggles  when  operating  a  powder  actuated 
tool.  Wear  hearing  protection  when  operating  in  a  confined 
area.  Never  load  a  powder  actuate  rool  until  you  are  ready 
to  make  a  fastening. 

PRIOR  TO  LOADING.  Perform  safety  checks  of  your 
tool  as  outlined  in  the  instruction  manual.  In  piston  tools, 
barrel  must  be  completely  forward  to  properly  position 
piston.  Always  check  barrel  of  tool  for  obstructions  before 
loading. 


3.   What  level  powder  load  .should  be  used  as  a  test? 


What  should 
concrete? 


you  look  for  before   fastening  into 
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CHAPTER  3 


Folding,  Forming,  and  Seaming  Equipment 


IN  THIS  CHAPTER  you  will  study  pieces  of  equipment 
which  are  used  to  fold,  form,  and  seam  sheet  metal;  some  of 
which  are  handtools,  and  others  are  machines.  The  straight 
line  forming  machines  include  .such  equipment  as  the  bar 
folder,  cornice  brake,  and  box  and  pan  brake.  The  machines 
are  capable  of  making  .straight  line  folds  or  bends  in  sheet 
metal.  Rotary  forming  equipment  includes  slip  roll  forming 
machines  and  a  variety  of  rotary  machines.  Handtools  u.sed 
when  forming  sheet  metal  include  such  items  as  dollies, 
form  blocks,  vises,  stakes,  seamers,  groovers,  and  various 
kinds  of  hammers  and  mallets.  In  this  chapter  you  will  also 
study  safety  precautions,  maintenance  tips,  and  the 
adjustment  and  use  of  folding,  forming,  and  .seaming 
equipment. 

You  will  want  to  become  well  qualified  in  the  u.se  of  this 
equipment,  because  the  strength  and  general  appearance  of 
a  completed  job  will  be  greatly  affected.  For  example, 
suppose  you  have  made  a  perfect  tran.sition  layout.  The  next 
step  is  fabrication,  which  includes  cutting,  forming,  and 
seaming.  If  you  are  to  fabricate  a  component  correctly,  it 
will  be  necessary  to  u.se  each  machine  correctly.  In  Chapter 
1  we  discussed  cutting  equipment;  now  we  will  discuss  the 
specialized  equipment  used  to  fold,  form,  and  seam  sheet 
metal. 

General  safety  procedures  to  follow  when  using  folding, 
forming,  and  seaming  equipment  include  such  practices  as 
keeping  hands,  fingers,  and  clothing  clear  of  clamping 
devices,  folding  blades,  bending  leafs,  and  forming  rollers. 
Make  sure  that  materials  and  personnel  do  not  interfere  with 
proper  operation  of  handles  and  levers  of  the  machines. 
Specific  safety  procedures  are  discussed  in  the  following 
sections  along  with  the  individual  machines. 

General  maintenance  requirements  for  folding,  forming, 
and  seaming  equipment  include  keeping  machines 
lubricated,  cleaned,  and  properly  adjusted  for  the  gage  of 
metal  to  be  formed.  These  machines  should  not  be 
overloaded  by  exceeding  the  recommended  capacity.  Like 
other  large  machines  in  the  sheet  metal  shop,  each  piece  of 
folding,  forming,  and  seaming  equipment  should  have  a 
maintenance  record  folder  which  specifies  the  items  to  be 
inspected  and  serviced,  the  intervals  of  inspection,  and  a 
place  to  record  and  initial  the  maintenance  completed. 
Specific  maintenance  procedures  in  the  following  sections 
along  with  the  individual  machines. 

3-1.  Folding  Equipment 

One  of  the  most  frequent  and  common  operations  in  sheet 
metalwork  is  that  of  folding  metal,  and  it  is  practically 
impossible  to  make  the.se  folds  accurately  without  the  aid  of 


machinery.  Folding  machines  that  we  di.scuss  include  the 
bar  folder,  cornice  brake,  box  and  pan  brake,  and  brace  and 
wire  bender.  The  bar  folder  is  used  when  the  width  of  the 
fold  to  be  made  falls  within  the  fold  capacity  of  the 
machine.  However,  if  the  width  of  the  fold  is  too  great  for 
the  folder,  the  cornice  brake  is  u.sed.  The  box  and  pan  brake 
is  u.sed  to  fold  boxes  and  pans,  as  its  name  implies.  The 
brace  and  wire  bender  is  used  to  bend  wire,  round  rod,  and 
narrow  widths  of  Hat  plate. 

226.  State  procedures  for  using  the  bar  folder. 

Bar  Folder.  The  bar  folder,  shown  in  figure  3-1,  is 
designed  to  make  bends  and  folds  from  0°  to  165°  along  the 
edges  of  sheets  up  to  43  inches  in  width.  The  thickness 
capacity  of  the  bar  folder  illustrated  is  20-gage  material. 
This  is  the  machine  generally  found  in  most  sheet  metal 
shops.  The  width  of  the  folds,  or  gaging  range,  is  usually 
from  3/32  to  1  inch,  depending  on  the  thickness  of  the 
material;  the  thinner  the  gage,  the  smaller  the  fold.  The 
maximum  diameter  for  wire  edged  folds  is  1/4  inch.  The  bar 
folder  is  best  suited  for  forming  small  hems  (double  or 
single),  right-angle  folds,  rounded  folds,  and  acute  folds 
(less  than  90°). 

The  bar  folder  is  adju.sted  for  different  thicknesses  of 
material  by  adjusting  the  wing  pressure  screws  at  each  end 
of  the  folder.  These  adju.stment  .screws  are  not  visible  in 
figure  3-1,  but  each  consists  of  '  threaded  shaft  with  an 
adju.sting  nut  and  a  locking  nut  which  are  tightened  with  a 
wrench  to  increase  or  decrea.se  the  di.stance  between  the 
wing  and  folding  blade.  After  the  folder  has  been  adju.sted, 
each  end  of  the  machine  is  tested  separately  by  folding  a 
small  piece  of  metal.  Take  care  not  to  adju.st  the  bar  folder 
to  the  extent  that  clamping  pres.sure  is  excessive  because 
too  much  pressure  can  damage  the  machine.  Excessive 
clamping  pressure  is  easily  detected,  because  the  machine 
does  not  operate  freely. 

The  width  of  the  fold  is  controlled  by  the  gage  adjusting 
screw  (.shown  in  fig.  3-1),  which  can  be  turned  either 
clockwi.se  or  counterclockwise.  This  screw  moves  the  slide 
and  gage  bar  back  and  forth  for  the  desired  fold.  The  gage 
bar  is  under  the  folding  blade  and  is  not  visible  when  you 
stand  in  front  of  the  folder.  Although  the  gage  is  graduated 
in  fractions  of  an  inch,  a  6-inch  rule  ir,  u.sed  for  an  accurate 
measurement  by  sliding  the  rule  between  the  jaw  and  blade 
and  holding  it  against  the  gage  bar.  After  the  measurement 
has  been  made,  the  gage  is  locked  in  place  by  tightening  the 
lock  screw,  which  is  on  the  right  side  of  the  gage. 

It  is  po.ssible  to  make  both  sharp  and  round  folds  with  this 
machine.  Before  the  machine  is  adjusted,  the  wing  mu.st  be 
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Figure  3- 1 .  Bar  folder. 


perpendicular  to  the  folding  blade.  Then  a  wedge  which 
supports  the  wing  must  be  properly  adjusted  by  using  the 
wedge  adjusting  knob  located  in  the  center  back  side  of  the 
folding  bar.  To  make  a  sharp  bend,  set  the  wedge  in  such  a 
manner  that  the  wing  stays  in  the  same  position  through  a 
cycle  of  operation.  To  make  a  round  fold,  adjust  the  wedge 
so  that  the  wing  falls  back  when  it  starts  to  swing. 

There  are  two  positive  stops  on  the  bar  folder — one  stop 
is  set  at  a  45°  bend  and  the  other  stops  at  a  90°  bend.  These 
stops  are  small  pieces  of  Hat  bar  that  have  been  cut  on  the 
desired  angle.  To  remove  the  stops,  just  swing  (pivot)  them 
out  of  the  way, 

Benc*^  of  other  degrees  can  be  made  by  setting  the 
adjustable  collar  stop.  This  stop  is  located  on  one  end  of  the 
bar  folder  and  is  set  by  loosening  the  bolt  and  rotating  the 
stop  to  a  0°  bend.  Use  a  small  piece  of  metal  to  make  a  test 
bend.  Check  the  angle  of  the  bend.  When  the  desired  bend 
has  been  achieved,  tighten  the  bolt  in  the  collar  stop, 
(NOTE:  When  using  the  collar  stop,  pivot  both  positive 
stops  out  of  the  way,) 

On  the  other  end  of  the  bar  folder  there  should  be  a  spring 
(not  illustrated)  attached  in  such  a  way  as  to  aid  in  making 
the  bend.  The  spring  acts  as  a  counter  balance  for  the  wing. 
After  the  bar  folder  has  been  correctly  adjusted,  insert  the 
metal  between  the  folding  blade  and  wing.  Hold  the  metal 
firmly  against  the  gage  and  pull  the  operating  handle 
upward.  The  wing  will  automatically  raise  and  hold  the 
metal  until  the  desired  bend  is  made.  This  safety  feature 
allows  the  left  hand  to  be  clear  of  the  folding  blade.  When 
the  handle  has  been  returned  to  its  original  position,  the 
wing  and  blade  will  return  to  their  original  positions  and 
release  the  metal. 

Exercises  (226): 

1,  What  item  is  adjusted  for  the  different  thicknesses  of 
material? 


2.   To  make  a  large  number  of  identical  folds,  what 
should  vtni  set? 


3.    1\>  make  a  round  fold,  what  should  you  adjust? 


227,  State  ,specinc  adjustments  to  make  when  using  the 
cornice  brake,  and  distinuuish  between  the  cornice 
brake  and  a  box  and  pan  brake. 

Cornice  Brake,  The  cornice  brake,  illustrated  lu  figure 
3-2,  is  a  type  of  folding  machine  that  has  a  much  greater 
range  than  most  folders.  The  cornice  brake  not  only  forms 
locks  and  bends,  but  it  can  do  complicated  jobs,  such  as 
forming  complex  seam^  and  shapes,  because  of  its 
construction.  It  also  fornvs  square,  round,  ogee  bends.  It 
can  be  used  for  many  jobs,  such  as  forming  ducts,  gutters, 
transitions,  flashing,  and  gravel  guards  as  well  as  joints, 
scams,  and  locks.  For  example,  a  Pittsburg  lock  can  be 
formed  very  easily  with  the  cornice  brake  if  a  Pittsburg 
machine  is  not  available. 

To  get  the  most  out  of  a  cornice  brake,  it  is  necessary  to 
know  how  to  adjust  it  for  various  operations.  These 
adjustments  are  very  important  because  they  save  time  and 
improve  the  quality  of  work. 

The  cornice  brake  must  be  level  on  the  floor  to  prevent 
creeping  of  the  top  leaf  when  metal  is  clamped  between  the 
top  leaf  and  the  bed.  If  the  top  leaf  creeps,  screw  P  and 
screw  O  should  be  checked:  both  are  shown  in  figure  3-2,  If 
adjusting  these  screws  does  not  remedy  the  creeping,  put  a 
wedge  of  wood  or  similar  material  under  the  rear  leg  on  the 
side  that  creeps.  The  wedge  should  be  forced  until  the 
creeping  is  eliminated.  Then  replace  the  wedge  with  a 
permanent  block  that  is  the  proper  height. 

Next  the  bending  leaf  is  checked  when  it  is  in  the  down 
position.  The  edge  of  this  leaf  should  be  1/64  inch  below 
the  bed  edge  at  the  ends  and  1/32  inch  below  the  bed  edge  at 
the  center.  To  obtain  and  maintain  this  alignment,  the 
following  adjustments  are  necessary: 

a.  Leaf  ends  adjusted  with  screw  H  (right-hand  end 
view), 

/?,  Leaf  center  adjusted  with  bolt  2  (front  view), 
c\    Bed  ends  adjusted  with  screws  J  (right-hand  end 
view). 

d.  Bed  center  adjusted  with  bolt  7  (rear  view), 

Whnn  bending  various  thicknes.ses  of  metal  the  top  leaf 
should  be  set  back  two  times  the  thickness  of  the  material 
being  bent.  Thus,  to  make  neat  sharp  bends  always  make 
sure  the  set  back  is  correct.  To  adjust  the  .set  back  on  the 
type  brake  illustrated,  the  top  leaf  adjustment  is  made  as 
follows: 

a.  Screws  O  are  loosened  (.shown  on  right-hand  end 
view), 

b.  The  top  leaf  is  moved  forward  or  backward  by 
adjusting  screw  M  or  P  (shown  in  right-hand  end  view); 
the.se  screws  have  right-hand  threads. 
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Figure  3-2.  Cornice  brake. 
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c\  Once  the  correct  adjustment  is  made,  screws  O  are 
tightened 

The  clamping  pressure  should  be  light  enouizh  to  hold  the 
metal  in  place  while  the  bend  is  made,  DifferLMU  gages  of 
metal  require  different  adjustments;  therefore,  you  must 
realize  that  every  gage  of  metal  has  its  own  adjustment. 
Remember,  the  pressure  should  be  equal  on  both  ends  of  the 
machine.  This  clamping  pressure  can  be  changed  by 
adjusting  the  link  block  (th  in  right-hand  view  of  fig.  3-2) 
To  do  this  job: 

a.  Loosen  screws  BB  which  hold  link  adjustment  blocks 
EE, 

/>,  Adjust  blv)cks  ILE  to  the  thicknes.->  of  molal  with 
screws  FF, 

r.  Lock  adjustment  blocks  EE  in  position  with  screws 
BB, 

J,  Lock  adjustment  blocks  EE  in  position  with  screws 
BB, 

i\  Use  a  test  strip  to  make  sure  the  machine  is  adjusted 
correctly. 

After  the  cornice  brake  has  been  correctly  adjusted,  place 
the  metal  on  the  bed  beneath  the  top  leaf,  Partiall\  lower  the 
top  leaf  by  pulling  the  clamping  handle  (A  in  fig,  3-2) 
forward.  Align  the  scribed  break  line  on  the  metal  (or  prick 
points)  with  the  nose  bar  (12C)  on  the  top  leaf;  then  pull  the 
clamping  handle  until  the  metal  is  firmly  clamped.  To 
make  the  fold,  pull  the  bending  leaf  handle  (AA)  forward 
and  upward,  which  swings  the  bending  leaf  forward  and 
upward  as  it  pivots  on  the  bending  leaf  hinge  pin  (Wl),  As 
the  bending  leaf  swings  up,  the  balance  weights  (R)  move 
backward,  acting  as  counterbalance  weights  for  easier 
manual  operation.  When  the  desired  angle  of  bend  is 
reached,  lower  the  bending  leaf  by  movement  of  its  handle 
or  the  balance  weight.  When  the  clamping  pressure  is 
released,  remove  the  metal. 

The  capacities  of  machines  like  the  one  illustrated  in 
figure  3-2  range  from  22-  to  16-gage  shecc  metal,  and 
bending  lengths  range  from  3  to  12  feet.  However,  the 
bending  capacity  of  the  cornice  brake  is  determined  by  the 
bending  edge  thickness  of  the  various  bending  leaf  bars  (S, 
SS,  U,  U5,  and  U6  in  fig,  3-2),  Bending  leaf  angle  bars  S 
and  SS  permit  a  smooth  1-inch  flange  to  be  made  in  a  piece 
of  material  that  is  within  the  capacity  of  the  cornice  brake. 
Some  pressure  is  released  on  the  bending  leaf  bar  identified 
as  U  when  the  ^  or  SS  bar  is  installed. 

In  figure  3-2,  bending  leaf  bar  U6  is  a  1/2-inch  bar  for  the 
bending  leaf.  When  U6  is  used  to  make  flanges,  the 
capacity  of  the  brake  is  reduced  by  4  gages.  For  example,  if 
the  cornice  brake  is  rated  at  16  gage,  the  capacity  with  a 
1/2-inch  U6  bending  leaf  bar  will  be  20  gage. 

Suppose  you  are  using  the  cornice  brake  to  make  small 
offset  bends  1/4  inch  wide.  If  your  brake  is  like  model  :>16, 
illustrated  in  figure  3-2,  the  bending  leaf  bar  identified  and 
U  should  be  removed.  If  your  brake  is  a  model  other  than 
those  like  model  316,  the  1/4-inch  offset  can  be  made  by 
installing  bending  leaf  bar  U5.  In  both  of  these  situations, 
the  rated  capacity  of  the  cornice  brake  is  reduced  7  gages. 
For  example,  a  cornice  brake  rated  at  16  gage  is  reduced  to 
24-gage  capacity.  You  should  remember  this  capacity 
change,  because  the  bending  leaf  can  easily  be  warped  if 


the  rated  capacity  is  exceeded.  Duplicate  bends  can  be 
made  with  any  of  the  models  of  brakes  that  you  may  have  in 
your  shi>p  be  setting  the  adjustable  stop,  Q,  for  the  desired 
angle. 

There  are  occasion?;  when  the  material  bends  excessively 
or  bends  further  on  one  end  of  the  brake  than  on  the  other. 
To  correct  either  condition: 

c/.  Loosen  screws  O  (shown  in  right-hand  end  view), 

/7.  Readjust  the  top  leaf  with  screws  M  and  P. 

c\  Rctighten  screws  O, 

If  the  bending  leaf  becomes  bowed  after  repeated  heavy 
use,  both  bolts  ( 10,  front  view)  are  tightened  until  the  center 
is  hroughl  in  line.  This  line  should  be  straight  and  should  be 
checked  with  a  straight  edge. 

Molds  or  formers,  as  illustrated  in  figure  3-2,  can  be 
obtained  in  half-round  sizes,  such  as  5/8,  1,1%  ,  2'/4,  and  3 
inches,  and  are  used  most  often  to  make  gutters.  These 
tormers  arc  attached  to  the  brake  with  clamps  Y;  usually 
three  to  five  clamps  are  used. 

To  attach  formers  to  the  brake,  there  must  be  1/2-inch 
clearance  on  the  side  of  the  formers  against  the  bending 
leaf.  The  clamps  are  positioned  vertically  to  the  ground  and 
tapped  lightly  with  a  mallet.  This  creates  enough  friction  to 
hold  the  formers  in  place. 

Some  of  the  precautions  to  observe  when  operating  a 
cornice  brake  include: 

a.  Always  bend  short  pieces  of  material  in  the  center  of 
the  brake  to  equalize  the  strain  on  the  machine, 

i?.  Always  SS  angle  bars  with  U5  and  U6  bars  to  make 
narrow  offset  bends, 

c.  Never  bend  seams  unless  you  adjust  links  DD  to 
clamp  the  full  multiple  thickness  of  the  scam,  and  set  the 
top  leaf  back  for  clearance  of  the  same  multiple  thickness, 

cL  Never  bend  rod,  wire,  band  iron,  or  spiing  tempered 
sheets  on  the  cornice  brake, 

c\  The  counterbalance  is  very  heavy  and  can  cause 
serious  injury  to  you  or  other  personnel  if  released 
improperly.  Always  return  the  bending  leaf  slowly  to  its 
proper  position  after  completing  a  bend. 

Box  and  Pan  Brake.  The  construction  of  the  box  and 
pan  brake  is  a  great  deal  like  that  of  the  cornice  brake 
except  that  the  clamping  leaf  of  the  box  and  pan  brake  is 
divided  into  removable  sections  called  fingers  or  shoes. 
These  fingers,  as  shown  in  figure  3-3,  vary  in  width  and  are 
interchangeable.  This  machine  is  especially  designed  for 
making  boxes  of  various  sizes  and  shapes,  because  it 
permits  the  forming  of  all  sides  without  distorting  any  of  the 
finished  beiids.  If  the  need  arises,  you  can  use  this  brake  to 
do  most  of  the  same  type  of  work  that  can  be  done  on  the 
standard  cornice  brake.  The  main  advantage  a  box  and  pan 
brake  has  over  the  cornice  brake  is  that  you  may  form  pans 
or  boxes  with  four  sides  by  using  different  combinations  or 
arrangements  of  the  fingers. 

Since  the  machine  is  a  great  deal  like  the  cornice  brake, 
all  adjustments  such  as  radius  and  thickness  can  be  made 
the  same  as  for  the  cornice  brake.  The  steel  fingers  are 
secured  to  the  upper  beam  by  means  of  thumbscrews. 
Before  using  the  brake,  securely  seat  the  fingers  and  tighten 
the  thumbscrews.  To  remove  any  of  the  fingers,  raise  the 
clamping  bar,  loosen,  the  thumbscrews,  and  pull  the  fingers 
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Figure  3-3.  Uo\  :ind  pan  hnikc. 


forward.  When  installing  the  fingers,  reverse  the  procedure. 

Before  starting  any  work  on  the  box  and  pan  brake,  be 
sure  all  adjustments  arc  made  and  are  suitable  for  the  gage 
of  metal  selected.  Never  bend  rod.  wire,  band  iron,  or 
spring  tempered  sheets  on  the  box  and  pan  brake.  Operation 
of  the  box  and  pan  brake  is  similar  to  that  of  the  cornice 
brake. 

Exercises  (227): 

1.   What  adjusting  sCi  ,vvs  are  adjusted  to  change  the  set 
back? 


2.   If  the  bending  leaf  is  too  low  in  the  center,  what  item 
should  be  adjuster  i? 
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3.   What  is  mounted  on  the  brake  io  assist  in  lormi ng  rain 
u  utters? 


4.   What  feature  of  a  box  and  pan  brake  distinguishes  it 
from  a  cornice  brake? 


3-2,  Forming  Equipment 

The  mosi  frequently  used  machines  m  the  sheet  metal 
shop  include  squaring  shears,  cornice  brake,  and  slip  roll 
forming  machine.  Other  forming  equipment  includes  rotary 
machine,  rotary  burring  machine,  turning  machine,  wiring 
machine,  elbow  edging  machine,  setting  down  machine, 
crimping  machine,  bedding  machine,  dollies,  form  blocks, 
and  sandbags. 

228,  State  the  operating  procedure.s  of  a  slip  roll  forming 
machine. 

Hand  Operated  Slip  Roll  Forming  Machine,  The  slip 
roll  forming  machine,  illustrated  in  figure  3-4,  is  used  to 
form  sheets  into  cylinders  of  various  diameters.  The 
machine  is  simply  constmcted  and  consists  of  right-  and 
left-end  frames  (housing)  between  which  are  mounted  three 
solid  steel  rolls — two  lower  rolls  aiid  one  upper  roll.  The 
two  lower  rolls  are  connected  by  gears  opeuiled  by  a 
handcrank.  The  lower  front  roll  can  be  adjusted  to  the 
thicknc  of  the  metal  by  means  of  two  knurled  adjusting 
screws  (one  at  each  end  of  the  roll).  Once  the  metal  is 
started  into  the  machine,  it  is  gripped  between  the  lower 
front  roll  and  the  upper  roll  and  is  carried  to  the  lower  rear 
roll  which  bends  it  around  the  upper  roll,  thus  forming  a 
cylinder.  Turning  the  adjusting  screws  at  each  end  of  the 
lower  rear  roll  to  the  right,  produces  a  smaller  radius. 
Turning  the  screws  to  the  left,  produces  a  larger  radius. 
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Figure  3-4.  Hand-opcraicd  slip  roll. 
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On  most  hand-operated  slip  roll  forming  machines  the 
upper  roll  can  be  relea^  (1  at  one  end  which  permits  a 
formed  cylinder  to  be  removed  from  the  machine  without 
distortion.  The  rolls  are  grooved  on  the  right  end  for 
forming  wire  and  wired  edges.  The  capacity  of  slip  roll 
forming  machines  is  determined  by  the  rr.anufacturer  and 
must  not  be  exceeded. 

Slip  roll  operation  is  not  a  set  procedure;  however,  the 
following  is  recommended:  the  lower  front  roll  must  be 
adjusted  so  that  it  and  the  upper  roll  will  have  a  uniform 
grip  on  the  metal.  Once  this  adjustment  has  been  made,  the 
metal  should  ride  smoothly  through  the  rolls.  In  making  a 
preliminary  test  it  is  best  to  select  a  piece  of  scrap  material 
of  the  same  gage  as  the  metal  you  plan  to  form.  Crank  the 
test  piece  through  the  gripping  rolls  until  it  comes  in  contact 
with  the  lower  rear  roll.  Then  by  means  of  adjusting  screws, 
the  lower  rear  roll  is  set  for  the  desired  radius.  This 
^adjustment  must  be  the  same  on  both  ends  to  form  cylinders 
unless  a  taper  is  desired.  A  truncated  cone  or  frustum  is 


formed  when  ti:c  screws  have  different  adjustments.  When 
the  rolling  process  is  completed,  the  upper  roll  is  released 
and  raised.  The  test  piece  is  then  removed  and  final 
adjustments  made.  Place  the  material  square  with  the  rolls, 
and  turn  the  crank  clockwise.  The  cylinder  that  is  formed 
should  be  the  finished  product.  No  change  of  adjustments 
on  the  machine  is  necessary  when  more  than  one  item  of  the 
same  size  is  to  be  formed. 

Power  Operated  Slip  Roll  Forming  Machine.  The 
power  operated  slip  roll  forming  machine,  shown  in  figure 
3-5,  is  a  great  deal  like  the  hand-operated  slip  roll  machine 
in  that  it  has  two  lower  rolls  and  one  upper  roll.  However, 
turning  power  for  the  rolls  is  supplied  by  an  electric  motor. 
Direction  of  the  rolls  is  controlled  with  a  reversing  switch. 

The  power-operated  slip  roll  machine,  like  the  hand- 
operated  version,  has  a  limitation  as  to  the  diameter  (radius) 
it  can  produce.  When  the  machine  is  operating  at  maximum 
capacity  (thickness  and  size  of  the  sheet  metal),  the 
diameter  of  the  cylinder  formed  .should  not  be  less  than  two 
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times  the  diameter  of  the  upper  roll.  If  this  recomineiulation 
is  not  followed,  tlie  formed  cylinder  will  have  Hat  spots  at 
the  scam. 

The  front  gripping  rolls  can  be  adjusted  for  clearance 
(according  to  thickness  of  metal  to  be  formed)  by  turning 
screw  handles  located  under  the  ends  of  the  lower  front  roll. 
The  lower  rear  roll  can  be  adjusted  for  radius  of  bend  by 
moving  the  endless  chain.  This  chain  turns  adjustment 
screws  at  each  end  of  the  machine  to  keep  the  lower  rear  roll 
parallel  with  the  gripping  rolls.  After  the  cylinder  is 
formed,  it  can  be  removed  by  releasing  the  upper  roll 
locking  handle  and  pressing  down  the  rai*  ing  lever  locatetl 
at  the  right  hand  end  of  the  machine. 

Before  starting  the  electric  motor,  you  must  press  the  on 
button  of  the  on-off  switch.  Then  move  the  reversing  switch 
lever  from  the  OFF  position  to  the  FORWARD  position. 
This  starts  the  motor  and  sets  the  rolls  in  motion  tor  normal 
operation.  When  it  is  necessary  to  reverse  the  direction  of 
the  rolls,  move  the  reverse  switch  lever  to  the  OFF  position 
until  the  rolls  stop  rotating,  then  move  the  lever  to  the 
REVERSE  position.  When  a  job  has  been  completed,  stop 
the  rolls  and  remove  power  by  moving  the  reverse  switch 
lever  to  the  OFF  position  and  by  pressing  the  oft  button  of 
the  on-off  switch. 

Operation  of  the  power  slip  roll  machine  is  similar  to  that 
of  the  smaller,  hand-operated  slip  roll  except  that  the 
heavier  gage  metal  can  be  fonned.  The  heavier  gages  must 
be  inserted  and  rolled  for  7  to  9  inches,  then  backed  out, 
turned  around,  and  rolled  trom  the  other  end  in  the  regular 
way.  This  prevents  a  flat  spot  along  the  scam. 

Similar  maintenance  is  performed  on  hand-operated  and 
power-slip  roll  machines,  such  as  lubricating  the  moving 
parts,  keeping  the  rollers  clean,  and  keeping  the  machines 
clear  at  all  times.  When  the  rollers  get  dirty,  clean  them 
with  steel  wool  and  a  dry  rag;  then  wipe  them  with  an  oiled 
rag  to  prevent  corrosion. 

You  should  observe  safety  precautions,  such  as  keeping 
hands,  fingers,  and  clothing  clear  of  the  rollers  and  drive 
gears,  at  all  times.  As  with  other  machines,  handle  metal 
carefully  to  keep  burrs  from  cutting  your  hands.  Never 
apply  power  to  the  rolls  until  you  are  certain  the  machine  is 
clear.  If  you  are  working  on  large  jobs  that  require 
assistance  trom  another  person,  make  certain  that  you  both 
are  qualified  operators  and  that  you  understand  which  part 
of  the  operation  each  will  perforn\. 
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Figure  3-6.  Rotary  machine. 


Exerci.ses  (228): 
1 .   Which  roll  is  adjusted  to  pioduce  the  desired  radius? 


How  is  the  direction  of  the  rolls  in  a  power  operated 
sliproll  controlled? 


3.   Why  is  an  endless  chain  used  on  a  power  slip  roll 
forming  machine? 


4.    Xo  roll  a  truncated  cone,  how  must  you  adjust  the 
lower  rear  roller? 


5.   Which  two  rolls  are  geared  together? 


229,  Distinguish  anions  the  types  of  rotary  machines  by 
the  jobs  they  do. 

Rotary  Machines.  The  rotary  machines,  illustrated  in 
figures  3-6  through  3-12,  are  designed  to  rotate  various 
shapes  of  matched  roll  dies  which  press  sheet  stock  into 
desired  shapes.  Sheet  metal  is  fed  between  these  rolls  in  a 
manner  similar  to  that  for  sliproll  machines.  Basically,  a 
rotary  machine  consists  of  two  shafts  mounted  in  a  frame. 
The  rolls  are  mounted  on  one  end  of  the  shaft,  and  a  pair  of 
mesh  gears  and  a  handle  (or  pulley)  are  mounted  on  the 
other.  The  distance  between  the  two  rolls  can  be  adjusted  by 
a  small  crank  located  on  top  of  the  machine.  Rotary 
machines  are  manufactured  to  operate  either  by  power  or  by 
hand  and,  like  many  others,  are  equipped  with  gages  to 
guide  the  metaL  Such  gages  can  be  set  to  determine  the 
depth  at  which  a  sheet  passes  between  the  rolls.  Most  rotary 
machines  have  a  head  position  adjustment  and  lock  screw, 
as  shown  in  figure  3-6. 

Because  some  rotary  machines  are  designed  for  one 
specific  operation,  the  operator  must  be  certain  of  what 
each  machine  can  do.  This  will  be  easy  for  you  since  the 
name  of  each  rotary  machine,  in  most  cases,  defines  the  job 
that  it  does.  Typical  examples  are  burring,  turning,  elbow 
edging,  setting  down,  crimping,  and  beading  machines. 

The  rotary  machine  illustrated  in  figure  3-6  is  a 
combination  of  :  everal  rotary  machines  since  by  changing 
roll  dies  this  machine  can  perform  several  operations.  This 
machine  has  a  combination  rotary  head  that  will  accept 
turning  rolls,  burring  lolls,  and  wiring  rolls.  To  change 
these  rolls,  loosen  the  nuts  on  the  end  of  the  shafts  and 
remove  the  rolls  and  replace  them  with  rolls  that  are 
desired.  Some  of  the  nuts  have  left-hand  threads:  therefore, 
you  should  be  careful  when  changing  the  rolls. 


Ficure  3-7,  Rcit;irv  hurrint  nuichinc. 


Rotary  hwritii*  mcicfi'nic.  A  burring  iiiachine,  such  as  that 
shown  in  figure  3-7,  is  used  to  turn  tlangcs  and  edges  on 
circuhir  discs  and  cyHnders,  It  is  also  used  for  turning  edges 
on  elbows  and  for  making  double  seams  and  single  l:ems 
when  other  machines  are  not  available.  An  important  thing 
to  remember  is  that  it  will  take  ci  nsiderable  time,  effort, 
patience,  and  practice  to  turn  out  a  good  job. 

To  operate  the  rotary  burring  machine,  you  must  adjust 
and  align  it  so  that  the  side  edge  of  the  top  roll  protrudes 
over  the  shoulder  of  the  bottom  roll  twice  the  thickness  of 
the  metal.  The  opening  between  the  rolls  should  be  equal  to 
the  thickness  of  the  metal.  Be  sure  these  adjustments  are 
correct  because  if  the  opening  is  too  small,  the  top  roll  will 
act  as  a  shear  and  cut  the  metal.  The  gage  adjustment  screw 
that  controls  the  amount  of  metal  turned  up  (flanged)  is  on 
the  back  side  of  the  machine.  Flange  limits  are  from  1/8  to 
1/4  inch. 

To  start  the  forming  operation,  place  the  disc  ir.  *he 
machine  and  lower  the  top  roll  with  the  crank  screw  until 
the  machine  grips  the  metal  and  creases  it  slightly.  Turn  the 
crank  slowly  in  a  clockwise  direction  while  keeping  the 
edge  of  the  disc  firmly  against  the  gate.  Use  caution  to 
prevent  injury  t)  the  hand  when  the  disc  is  rotating  between 
the  thumb  and  forefinger.  The  first  revolution  of  the  rolls 
should  be  slow  enough  to  permit  the  accurate  starting  of  the 
burred  edges.  After  the  first  revolution  of  the  disc,  it  is 
possible  to  disregard  the  gage  and  follow  the  crease  as  the 
top  pressure  increases.  Continue  turning  as  before.  Raise 
the  disc  slightly  after  each  revolution  until  the  full  burred 
edge  has  been  formed. 

Turning  machine.  The  turning  machine,  illustrated  in 
figure  3-8,  is  used  to  form  rounded  flanges  for  wired  edges. 


Figure  3-8.  Turning  machine. 
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I'igurc  ^-9.  Hllnnv  edging  nuichinc. 


The  rolls  of  this  machine  may  also  be  usxi  to  turn  double 
seams  on  elbows  when  a  elbow  ed^.ing  machine  is  not 
available.  The  turning  rolls  are  lernovable.  Thin  turning 
rolls  are  available  for  light  work  and  thick  rolls  for  heavy 
work. 

The  first  operation  is  to  center  the  top  and  bottom  rolls, 
then  to  adjust  the  gage  so  that  it  allows  ample  space  for  the 
wire.  When  the  gage  has  been  properly  set,  rest  the  cylinder 
to  be  wired  on  the  lower  roll,  and  press  the  edge  against  the 
gage.  With  the  cylinder  in  place,  lower  the  upper  roll  by 
turning  the  small  crank  screw  located  on  top  of  the  machine 
until  a  slight  depression  is  formed  in  the  metal.  Turn  the 
crank  handle  slowly  until  the  cylinder  has  passed 
completely  through  the  machine.  Be  sure  to  hold  the  metal 
firmly  against  the  gage.  After  the  first  crease  has  been 
made,  lower  the  upper  roll,  and  pass  the  metal  through  the 
machine  again  with  the  worl  tilted  upward.  Repeat  this 
process  several  times  to  obtain  the  desired  groove. 

Elbow  edging  maciiine.  The  elbow  edging  machine, 
shown  in  figure  3-9,  has  elbow  edging  rolls  that  fit  most 
standard  makes  of  turning  and  burring  machines.  The  lower 
roll  of  the  elbow  edging  macnine  is  v-grooved  and  has  a 
matching  upper  roll.  The  rolls  are  made  in  three  standard 
types  to  permit  the  fabrication  of  interlocking  edges  used  in 
fastening  various  pieces  of  elbows  together. 

For  making  various  types  of  edge  i,  the  operation  is  much 
the  san.e.  First,  you  must  determine  what  lock  seam  is  best 
suucd  for  the  iob;  then.  ,screw  the  guide  bar  (gage)  away 
from  thf  rolls  until  the  desired  seam  allowance  has  been 
made.  If  the  ij^c  m  a  guid."  bar  is  not  practical,  draw  or 
scribe  a  line  v.-Jiid  the  ontSu/.e  of  the  elbow  section  1/8 
inch  from  the  edge  to  h-:-  joined.  Make  a  similar  line  on  the 
machine  sectiot;  inside  ihc  cylinder. 

Place  the  first  piece  in  the  elbow  edging  machine  so  that 
the  inside  surface  of  th'^  elbow  rests  on  the  lower  roll.  Keep 
the  edge  of  the  elbow  snug  agai.ist  the  guide  bar,  and 
tighten  the  top  roll  until  it  forms  a  slight  crease  in  the  metal. 
Turn  the  handle  slowly  as  you  carefully  guide  the  piece 
through.  After  one  complete  revolution  of  tlie  elbow, 
tighten  the  top  roll  slightly,  and  repeat  the  process  un''^ 
deep  groove  has  been  nade  around  the  edge  of  (he  eibuw 
section. 
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Figure  3-10.  Setting  down  machine. 


The  second  piece  is  mi»de  in  the  same  manner;  however, 
the  upper  roll  is  placed  on  the  inside  of  the  cylii  der. 

Once  the  job  has  been  completed,  the  lock  should  snap 
together  with  very  little,  if  any,  difficulty.  If  the  flanges  are 
too  loose,  tighten  them  with  a  hammer  and  stake. 

Setting  down  machine.  The  setting  down  machine, 
shown  in  figure  3-10,  is  used  for  tightening  or  setting  down 
the  edges  prior  to  double  seaming.  Two  styles  of  setting 
down  machines  are  available — one  has  the  upper  roll 
perpendicular  to  the  lower  roll,  and  the  other  has  both  rolls 
sloping  toward  the  machine. 

When  double  seaming  the  bottom  of  a  can  or  tank,  hold 
the  object  in  any  convenient  position,  and  run  it  between 
the  rolls.  The  crank  screw  on  top  of  the  machine  can  be 
adjusted  to  any  pressure  necessary  to  close  the  seam. 


Figure  3-1 1 .  Crimping  machine. 
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Machine  operation  consists  of  placing  the  object  between  ■ 
the  upper  and  lower  rolls  and  lowering  the  top  roll.  Medium 
pressure  is  desirable  for  the  first  revolution  around  the 
bottom  of  the  object  and  should  be  continued  until  all 
wrinkles  are  removed.  After  this  setting  down  operation 
has  been  completed,  the  seam  must  be  turned  up  tight 
against  the  side  with  a  mallet  and  stake  or  a  double  seaming 
machine. 

Crimpini^  machine.  The  crimping  machine,  shown  in 
figure  3-11,  is  used  to  make  one  end  of  a  pipe  joint  smaller 
than  the  other  so  that  the  two  sections  may  be  slipped 
together.  Some  of  the  crimping  machines  have  combination 
beading  rolls  and  crimping  rolls.  The  bead  serves  to 
reinforce  a  formed  cylinder  and  to  prevent  the  crimped  edge 
from  slipping  too  far  into  the  other  cylinder. 

The  mechanism  is  similar  to  that  of  most  rotary 
machines.  For  jobs  with  riveted  or  grooved  seams,  the 
crimp  is  started  near  one  side  of  the  seam  a/.vi  run  around 
the  cylinder  to  the  other  side  of  the  seam.  Never  crimp  a 
seam,  because  its  thickness  will  damage  the  rolls  and  spring 
the  shafts  of  the  machine. 

When  you  crimp  a  pipe  or  object,  insert  it  between  the 
rolls,  and  adjust  the  gage  to  the  correct  width  of  the  crimp 
desired.  Lower  the  top  roll  until  it  makes  a  slight  depression 
in  the  cylinder  as  the  operating  handle  is  turned.  Repeat  this 
operation  untU  the  desired  fit  is  obtained. 

Beading  machine.  The  beading  machine,  shown  in  figure 
3-12.  is  used  for  making  beads  in  sheet  metal  objects  such 
as  cans,  buckets,  and  pipes.  Beads  act  as  stiffeners  and 
serve  as  stops  for  connecting  two  or  more  lengths  of  metal 
pipe.  The  beading  machine  is  easy  to  operate,  and  with 
practice,  high-quality  work  can  be  turned  out.  It  comes 
equipped  with  several  pairs  of  rolls  which  can  be  removed 
and  replaced  in  the  same  manner  as  the  burring  and  wiring 
machine  rolls.  The  beading  machine  rolls  that  are  generally 
used  are  single  rolls,  double  rolls,  triple  rolls,  and  ogee 
rolls. 

To  operate  the  beading  machine,  place  the  cylinder 
between  the  rolls  so  that  the  top  roll  is  on  the  outside  of  the 
cylinder.  Place  the  edge  of  the  cylinder  against  the 
adjustable  guide  (gage),  and  keep  it  there  at  all  times  or  the 
beads  will  not  meet  after  the  first  revolution.  The  adjustable 
guide  can  be  set  at  different  locations  so  that  one  or  more 
beads  can  be  made  at  different  distances  from  the  edge. 
Next,  lower  the  rolls  with  the  crank  screw  until  a  slight 
depression  is  made  in  the  metal.  Turn  the  handcrank  with 
the  right  hand  as  the  work  is  guided  with  the  left;  as  the 
work  revolves  around  the  rolls,  an  impression  is  completed. 
Do  not  run  the  rolls  over  a  seam,  because  that  will  damage 
the  machine  and  weaken  the  scam. 


Figure  3-12.  Beading  machine. 


Figure  3-13.  Hand  dollies. 


Exercises  (229): 

1 .   What  rotary  machine  is  used  to  turn  Hangcs  and  edges 
on  circular  discs  and  cylinder? 


2.   What  rotary  machine  is  used  to  form  round  flanges  for 
wired  edges? 


3.   What  rotary  machine  is  used  when  cylinders  are  to  be 
connected  togct  :r  by  interlocking  grooves? 


4.  What  rotary  machine  is  used  Tor  tightening  edges  prior 
to  double  seaming? 


5-   Which  machine  would  you  use  tr  nake  one  end  of  a 
pipe  joint  smaller  than  the  other? 


230.  State  the  purpose  of  hand  forming  tools  and 
equipment. 

Hand  Forming  Equipment.  We  have  discussed  several 
rotary  machines  which  you  use  to  form  sheet  metal  parts. 
However,  there  will  be  times  when  you  will  not  be  able  to 
perform  some  jobs  on  a  machine.  In  the  following 
paragraphs,  we  discuss  hand  dollies,  hammers,  mallets,  and 
vises.  With  these  tools  you  can  do  many  jobs  where  a 
machine  cannot  be  used  or  is  not  available. 

Observe  safety  precautions  at  all  times  since  most  of  the 
jobs  you  do  will  be  with  handtools  that  are  small  and  hard  to 
hold.  Be  cautious  of  metal  burrs,  and  keep  hands  clear 
when  forming  with  these  tools. 


Figure  3-14.  Hammers  and  soft- faced  mallets. 


Dollies,  Hand  dollies,  which  are  commonly  called 
bucking  bars  in  sheet  metal  shops,  may  be  shop  made  or 
purchased  commercially.  They  are  available  in  various 
sizes  and  shapes,  as  shown  in  figure  3-13.  They  may  be 
used  when  forming  metal.  They  may  also  be  used  when 
riveting  in  places  where  access  to  the  job  is  difficult  or  at 
jobs  away  from  the  shop  where  stakes  are  not  available. 

Hammers  and  Mallets.  Hammers  and  mallets, 
illustrated  in  figure  3-14,  are  used  often  in  the  sheet  metal 
shop  for  such  jobs  as  riveting,  raising  metal,  setting  se^ms, 
and  driving  punches  and  chisels.  It  is  important  to  select  the 
right  hammer  or  mallet  for  the  job. 

The  maintenance  required  to  keep  a  hammer  in  good 
working  condition  consists  of  keeping  the  heads  smooth  and 
making  sure  the  handle  is  good  and  properly  secured  to  the 
head.  As  a  safety  precaution,  make  sure  the  wedge  in  the 
handle  has  not  worked  loose.  If  it  has,  the  head  could  come 
off  during  use. 

Tinner's  rivet ini^  harn frier.  The  tinner's  riveting  hammer 
has  a  square,  slightly  curved  face  with  beveled  edges  to 
prevent  the  head  of  the  hammer  from  marking  the  metal. 
The  peen  side  is  doubled  tapered  with  a  slightly  rounded 
end.  You  will  use  this  hammer  often  when  riveting. 

Tinner's  settini^  hammer.  The  tinner's  setting  hammer 
has  a  square  flat  face  for  flattening  seams  without  damaging 
the  metal.  The  single  tapered  pc^n  is  used  foi  setting  down 
seams. 
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Ball  peen  hammrr.  The  ball  pcen  hammer  has  a  variety 
of  uses  around  a  sheet  metalshop.  If  you  are  working  with 
punches,  coki  chisels,  and  other  similar  cutting  tools, 
always  use  a  ball  peen  hammer  of  the  proper  size.  This 
hammer  can  be  used  also  in  riveting,  peening,  and  raising 
metals. 

Claw  hammer.  In  many  shops  a  common  nail  or  claw 
hammer  (not  illustrated)  is  used  to  nail  supports,  to  nail  flat 
sheets  of  metal  to  wooden  sheeting,  to  pull  nails,  and  for 
other  general  utility  purposes. 

Mallets.  Although  they  are  not  often  mentioned  as 
required  tools,  a  wooden  mallet,  a  plastic  face  mallet  (or 
hammer),  and,  in  some  cases,  a  leather  face  mallet  may  be 
included  in  the  sheet  metalworker's  toolkit  or  as  a  part  of 
the  sheet  metal  shop  equipment.  Remember  that  hammer 
faces  are  made  of  harder  metal  than  the  materia!  being 
worked  and  may  damage  soft  metals  such  as  copper, 
aluminum,  and  light  gage  sheet  metal.  When  you  are  doing 
the  preliminary  shaping  o:  these  metals  on  stakes,  use  a 
wooden  or  plastic  mallet  whenever  possible,  finishing  up 
with  the  proper  metal  hammer.  Some  examples  of  when 
you  would  use  mallets  are  the  forming  of  grooved  seams 
and  wired  edges  which  require  a  great  deal  of  handwork  in 
fabrication. 

Vises.  A  bench  vise,  such  as  that  illustrated  in  figure  3- 
15,  is  a  very  important  piece  of  equipment  in  the  sheet 
metal  shop.  Bench  vises  are  manufactured  in  many  sizes 
and  designed  for  different  jobs.  A  vise  with  a  4-  or  5-inch 
jaw  is  commonly  used  in  sheet  metal  shops  to  hold  material 
for  filing,  forming,  or  sawing.  The  removable  jaws  are  each 
secured  with  two  screws  and  are  usually  grooved  to  keep 
the  material  from  slipping.  When  working  with  soft  metal, 
you  should  use  jaws  which  are  made  of  brass  or  aluminum 
and  which  are  not  so  likely  to  mar  the  material  being  held. 
If  jaws  of  soft  metal  are  not  available,  use  blocks  of  wood 
as  a  substitute. 

Vises  are  usually  secured  to  the  workbench  with  screws 
or  bolts;  they  have  swivel  bases  to  allow  change  of  work 
positions  for  better  access  to  the  job.  Avoid  tightening  the 
jaws  too  tight  because  the  jaws  and  the  slide  work  on  a 
worm  gear;  if  tightened  excessively,  the  worm  gear 
becomes  worn  and  causes  improper  operation.  The  worm 
gear  can  be  removed  for  cleaning,  inspecting,  and  oiling  by 
turning  counterclockwise  until  it  is  disengaged  from  the 
vise. 


Figure  3-16.  Pittsburg  lock-forming  machine. 


Exercises  (230): 

1 .   What  would  you  use  as  a  bucking  bar  when  riveting  in 
close  places? 


2.   What  hammer  is  used  to  raise  metal? 


3.   For  what  purpose  are  mallets  used? 


3-3.  Seaming  and  Locking  Equipment 

There  are  several  machines  and  handtools  that  may  be 
used  to  make  seams  and  locks.  We  have  already  discussed 
bar  folders  and  brakes.  In  this  section,  we  will  discuss  the 
Pittsburg  lock  forming  machine,  hand  groovers,  hand 
seamers,  bench  plates,  and  stakes  for  making  seams  and 
locks. 
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Figure  3-15.  Bench  vise. 


231.  State  the  products  of  the  Pittsburg  machhie,  and 
tell  how  to  use  it. 

Pittsburg  Lock-Forming  Machine.  The  Pittoburg  lock- 
forming  machine,  shown  in  figure  3-16,  is  uied  to  forw 
Pittsburg  lock  seams  for  coniers  of  rectangular  or  square 
ducts  and  to  form  grooved  seams  for  round  ducts.  These 
two  seams  are  shown  in  the  illustration.  By  changing  the 
rollers,  the  Pittsburg  machine  may  be  used  to  form  other 
shapes  of  metal  items.  One  such  item  is  a  drive  slip  used  to 
connect  sections  of  duct  work.  Check  the  manufacturer's 
handbook  for  other  forming  operations  and  the  roller  used 
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through  the  rollers.  It  is  important  to  start  the  material 
straight  because  once  it  has  started  through  the  rollers,  the 
machine  will  eomplete  the  operation  whether  it  is  straight  or 
not.  Keep  hands  and  fingers  away  Irom  the  rollers  during 
the  forming  operation. 

The  Pittsburg  lock-forming  maehine,  like  other  machines 
in  the  sheet  metal  shop,  should  have  a  maintenance  record 
folder,  which  has  a  list  of  items  to  be  inspected  and 
serviced,  intervals  of  inspection,  and  a  phice  to  record  and 
initial  the  maintenance  completed.  The  manufacturer's 
handbook  or  the  technical  manual  will  specify  exactly  what 
P'^rts  are  to  be  ser\  iced,  including  lubrication  of  the  rollers 
and  drive  gears.  If  the  motor  does  not  have  .sealed  bearings, 
it  also  will  require  lubrication.  Keep  the  rollers  clean  and 
wipe  them  with  an  oiled  rag  to  prevent  corrosion. 

Exercises  (23!): 

I .   What  are  the  products  of  the  Pitt.shurg  lock-forming 
machine? 


2.   What  musf  you  do  to  produce  a  drive  slip  on  a 
Pittsburg  lock-forming  machine? 


Figure  .VI 7.  Pittsburg  scam. 


for  each  forming  operation.  The  machine  illustrated  can 
form  26-  to  18-gagc  sheet  metal  by  adjusting  for  metal 
thickness.  Be  careful  to  set  the  thickness  gage  correctly  to 
prevent  damage  to  the  roller.-,,  and  never  overload  the 
machine.  The  machine  has  guides  to  keep  the  material 
straight  as  it  is  fed  into  the  rollers  and  has  a  protective  cover 
over  the  rollers.  Although  figure  3-16  show:*  this  roller 
guard  in  the  raised  position  in  order  to  view  the  rollers,  the 
machine  is  never  operated  with  the  cover  open.  When  the 
rollers  are  being  cleaned  or  changed,  electrical  power  to  the 
machine  should  be  removed  so  the  on-off  switch  is 
inoperative. 

Before  using  the  Pittsburg  lock-forming  machine,  you 
should  make  seam  allowances  on  the  pattern,  and  you 
should  notch  the  material.  Usually,  for  a  Pittsburg  seam  the 
allowance  is  Wa  inches  (1  inch  for  the  seam  side  and  1/4 
inch  for  the  flanged  side).  The  1-ineh  seam  is  formed  by  the 
machine  as  shown  in  the  example  of  the  Pittsburg  seam  in 
figure  3-16.  The  1/4-inch  flanged  edge  is  bent  90°  on  a 
brake  machine  then  fitted  into  the  groove  of  the  1-ineh  seam 
as  shown  in  figure  3-17.  Then  the  m  "^1  which  extends 
above  the  greove  is  flattened  to  hold  the  c^^ixm  tight. 

Allowance  for  a  grooved  seam,  such  as  that  shown  in 
figure  3-18,  will  usually  require  1/2  inch  on  each  side  to 
make  the  seam,  plus  an  additional  1/2  inch  because  the 
seam  will  overlap.  In  figure  3-18,  you  can  see  how  the 
grooved  seam  is  secured  by  flattening  the  two  part.L. 

After  setting  the  thickness  gage  on  the  Pittsburg  lock- 
forming  machine  to  correspond  with  the  material  to  be 
formed,  turn  the  motor  on  and  feed  the  material  into  the 
rollers.  Hold  the  material  flush  against  the  guide  as  it  passes 
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Figure  3-18.  Grooved  seam. 
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3.   What  allowances  niiisi  be  marked  on  the  matLMial 
before  using  the  Pittsburg  lock-forming  machine? 


232.  Ftate  how  to  use  bench  phites  and  stakes. 

Hand  Seaming  Equipment.  The  hand  seaming 
equipment  discussed  in  this  section  includes  bench  plates, 
stakes,  hand  seamers,  and  iiand  groovers. 

Bench  plate  and  stakes.  Much  of  the  work  done  in  the 
sheet  metal  shop  requires  some  handwork,  such  as  shaping, 
seaming,  and  riveting.  To  do  thi.  work,  small  anvils, 
referred  to  as  stakes,  have  been  designed  lo  perform  many 
types  of  shaping  and  seaming  which  cannot  be  done  by 
machines.  These  stakes,  which  consist  of  a  horn,  head,  and 
shank,  are  fastened  either  in  a  vise  or  to  a  bench  plate. 
Figure  3-19  shows  a  bench  plate  with  a  set  of  stakes 
designed  to  do  almost  any  sheet  metal  forming  that  can  be 
done  by  hand.  The  stakes  described  in  the  following 
paragraphs  are  the  ones  most  often  used.  Other  stakes 
include  the  beakhorn,  common  square,  hatchet,  conductor. 
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SOLID  MANDREL  STAKE 


DOUBLE-SEAMING  STAKE 


Figure  3-19.  Bench  plr.tc  and  stakes. 


Figure  3-20.  Hand  scamcr. 


coppersmith  square,  hoitom,  bevel  edge  square,  and  solid 
mandrel  stakes. 

The  CiiHclletfiold  stake  has  (wo  horns  of  different  tapers 
and  is  used  in  forming,  riveting,  or  seaming  long,  flaring 
articles. 

The  hollow*  mandrel  stake  has  a  slot  running  through  its 
length  in  which  ;i  bolt  slides,  permitting  the  stake  to  be 
fastened  to  the  bench  at  any  angle  or  length.  The  rounded 
end  is  used  for  riveting  and  seaming  pipes.  The  rectangular 
shaped  end  is  used  for  forming  laps,  riveting,  and  double 
seaming  comers  of  pans,  boxes,  and  siinilar  sheet  metal 
items. 

The  creasing*  stake  has  a  round,  tapered  horn  at  one  end 
and  a  rectangularly  shaped  horn  with  grooves  on  the  other. 
It  is  used  for  forming,  riveting,  or  seaming  small,  tapered 
articles;  for  creasing  metal:  and  for  bending  wire. 

The  nee  die  case  stake  is  used  to  do  very  fine  handwork.  It 
has  a  small,  tapered  horn  at  one  end  and  a  round  beveled 
edge  at  the  other. 

The  hi o whom  stake  has  a  short,  tapered  horn  (apron)  at 
one  end  and  a  long,  tapered  horn  at  the  other.  It  is  used  in 
forming,  riveting,  or  seaming  tapered  articles  such  as 
funnels  and  pitched  covers. 

The  doahle-seaming  stake  is  constructed  with  ball- 
shaped  ends  and  is  used  for  double  seaming. 

Hand  seamers.  Hand  seamers  are  used  to  fold  light  gage 
metal  and  to  form  seams  or  joints.  Figure  3-20  illustrates 
two  views  of  a  hand  seamer  you  may  use  that  has  screws  on 
either  side  of  the  head.  These  are  adjustable  for  different 
width  seams.  Jamnuts  prevent  the  screws  from  slipping, 
which  might  cause  an  uneven  bend  while  folding  the  seams. 
This  is  also  true  for  bends  longer  than  the  width  of  the  hand 
seamer.  The  hand  seamer  is  useful  when  turning  edges  for 
seams  on  small  jobs  and  when  the  brake  or  bar  folder  is  not 
available. 

Hand  groovers.  The  hand  groover,  illustrated  in  figure 
3-21 .  is  used  to  groove  seams  after  they  h'we  been  formed. 
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h  is  useful  for  smaii  jobs  or  when  a  Pittsburg  machine  is  not 
available.  Hand  groovers  are  available  in  several  sizes  and 
are  issued  with  your  toolkit.  The  hand  groover  may  be  used 
to  form  a  grooved  seam  .such  as  that  illustrated  in  figure  3- 
22.  The  two  edges  are  turned  back  160°  with  a  bar  folder, 
brake,  or  hand  seamer.  The  two  turned  back  edges  are 
hooked  together  and  placed  over  a  backing  surface;  then  the 
hand  groover  is  placed  over  the  lapped  edges  and  struck 
with  a  hammer  to  srt  down  the  edges  of  the  seam  as  shown 
in  figure  3-22. 

Exercises  (232): 

1 .   How  is  the  hollow  mandrel  stake  secured  to  the  bench 
plate? 


2.    \    .xh  stake  shouid  you  use  to  install  solid  rivets  in  a 
pitched  stack  cover? 


Figure  3-22,  Locking  a  grooved  scam  with  a  hand  groover. 


3.    What  is  the  candlemold  stake  used  to  form  and  rivet? 


4.   What  must  you  adjust  ro  maintain  an  even  seam  width 
with  a  hand  seamer? 


5.    What  tool  is  used  with  a  hand  groover? 
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CHAPTER  4 


Spot  Welding,  Lead  Soldering,  and  Sealing 


In  this  chapter,  wc  discuss  some  very  common  operations  in 
sheet  metalwork.  First  we  discuss  spot  welding,  including 
equipment,  technique,  and  j^atety.  Then  we  cover  lead 
soldering  and  sealing,  which,  like  the  other  steps  in  the 
fabrication  process,  is  important  to  do  correctly  to  obtain  a 
finished  component  of  good  quality. 

4-1.  Spot  Welding 

Spot  welding,  or  resistance  welding  as  it  is  sometimes 
called,  is  a  pressure  welding  process  in  which  heat  is 
generated  by  resistance  to  the  flow  of  electrical  current.  No 
flux  or  welding  rod  is  required  during  the  weld  time  because 
the  surface  of  the  sheets  become  fused  while  they  are 
pressed  together  and  electrical  current  is  applied.  However, 
the  surfaces  must  be  cleaned  prior  to  welding.  It  is 
important  to  remove  paint,  grease,  oxide,  or  any  foreign 
matter  that  may  interfere  with  the  resistance  of  the  surfaces 
being  joined, 

233.  State  procedures  for  usin^spot  welding  equipment. 

Spot  Welder.  The  spot  welder,  illustrated  in  figure  4-1  is 
the  type  found  in  many  metal  shops.  The  upper  arm  is 
actuated  b}  air  pressure  and  is  lowered  and  raised  in  a 
vertical  arc.  The  spot  welder  illustrated  used  90  psi  of  air 
pressure  and  is  used  primarily  to  weld  light  gage  metal. 
This  spot  welder  must  have  a  source  of  electricity,  air 
pressure  and  water.  The  spot  welding  machine  consists  of 
an  outside  case,  transformer,  control  box,  foot  switch,  and 
electrode  holders  (arms). 

The  lower  arm  is  adjustable  but  does  not  move  during  the 
welding  operation.  The  upper  arm  is  controlled  by  an  air 
pressure  cylinder.  While  operating  a  spot  welder,  keep 
close  check  on  the  oil  and  water  separator  mounted  in  the 
airline.  If  the  oil  and  water  separator  were  to  overflow,  it 
would  damage  the  air  control  valves. 

The  principle  of  a  spot  welder  is  that  when  two  pieces  of 
metal  are  placed  between  the  electrodes,  and  the 
transformer  is  energized,  heat  is  produced  between  the 
electrodes  and  a  weld  is  made  as  sliown  in  figure  4-2.  The 
key  to  this  operation  is  to  control  the  input  electrical  power, 
thereby  controlling  the  amount  of  heat  produced.  When  the 
heat  between  the  electrodes  reaches  the  melting  point  of  the 
metal  being  welded,  the  electrical  power  is  turned  off  and 
the  molten  metal  cools  into  a  spot  weid  holding  the  two 
pieces  of  metal  together. 

Portable  Spot  Welder.  The  portable  spot  welder, 
illustrated  in  figure  4-3,  is  manually  operated.  To  operate 


this  welder,  place  the  item  between  the  electrodes  and 
sc|uee/.e  the  handle  switch.  The  welder  illustrated  has  an 
optional  built-in  timer  that  automatically  tunis  the  power 
off  and  prevents  an  overheated  (HOT)  weld.  Welders 
without  a  built-in  timer  weld  until  the  switch  is  released. 

The  portable  spot  welder  can  be  handled  by  one  person, 
and  operated  on  I  l(/-volt  AC  electricity.  This  welder  is  very 
handy  for  making  repair  welds  on  the  job,  in  the  shop,  or 
about  anywhere  there  is  electrical  power.  Take  care  not  to 
overheat  the  air  cooled  electrodes. 

Exercises  (233): 

1 .    In  addition  to  a  source  of  electrical  power  what  else  is 
needed  to  properly  operate  a  spot  welder? 


Which  arm  of  a  spot  welder  moves  up  and  down 
vertically  during  each  cycle? 


3.   True  or  False.  The  in- put  electrical  power  produces  the 
heat  for  the  weld. 


4.   What  is  required  to  operate  a  portable  spot  welder? 


234.  State  the  procedures  for  troubleshooting  the  spot 
weld  machine  controls. 

Controls.  As  stated  in  the  last  objective,  the  key  to  a 
good  weld  is  the  controls.  There  are  seven  items  to  be 
concerned  with;  ( 1 )  water  for  cooling  the  electrodes,  (2)  air 
pressure  to  actuate  the  upper  arm,  (3)  current  for  welding 
heat,  (4)  cycle,  (5)  squeeze,  (6)  weld,  and  (7)  hold. 

Water  Water  may  not  be  the  most  important  item  but  it 
does  keep  the  tips  of  the  electrodes  cool  and  extend  their 
lile.  Some  machines  have  a  water-cooled  transformer.  It  is 
essential  to  keep  the  transformer  and  electrodes  cool,  so 
always  use  water,  even  on  short  jobs. 
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Figure  4-1 .  Spot  welder. 


Air  pressure.  Air  pressure  controls  the  upper  arm  on  the 
welder  and  the  amount  of  squeeze  pressure  put  on  the 
electrodes  and  the  job.  What  might  happen  if  the  pressure  is 
too  low?  This  could  affect  other  settings  on  the  welder  and 
the  end  product.  When  the  pressure  is  set  too  low,  the 
upper  arm  is  slow  to  apply  pressure  and  the  machine  may  be 
into  the  next  part  of  a  cycle  before  the  weld  is  completed. 
This  results  in  a  poor  weld.  Another  problem  of  low 
pressure  is,  when  the  metal  being  welded  is  not  held  rightly 
together  during  the  weld,  the  molten  metal  does  not  fuse 
together.  If  the  pressure  is  too  high,  it  squeezes  the  molten 
metal  out  and  produces  a  poor  weld.  Select  the  pressure  by 
adjusting  the  air  pressure  regulator  to  the  desired  setting  on 
the  gage.  Drain  the  oil  and  water  separator  on  the  airline 
when  necessary. 
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Figure  4-3.  Portable  spiil  welder. 


Current.  Select  the  amount  of  current  (amperage)  applied 
to  the  work  with  the  control  knob,  which  controls  the  heat 
used  for  making  the  weld.  This  control  knob  is  turned 
clockwise  to  raise  the  amperage,  and  each  step  around  the 
dial  adds  10,000  amperes.  Most  spot  welders  have  a 
maximum  output  of  80,000  to  100,000  amperes. 

Cycle.  The  cycle  of  the  welder  is  the  time  between  the 
sequence  of  timed  steps  that  start  when  you  depn  s'^  the  foot 
switch.  If  a  machine  is  equipped  with  a  repeat  cycle,  it  will 
continue  to  repeat  all  of  the  steps  until  the  foot  switch  is 
released.  This  is  very  useful  on  jobs  that  require  many 
welds  in  a  small  area.  If  there  is  no  repeat  cycle,  or  if  it  is 
turned  off,  the  machine  will  complete  one  cycle  each  time 
the  foot  switch  is  depressed.  The  weld  cycle  is  shown  in 
figure  4-4.  The  off  time  is  when  the  welder  is  open,  ready 
for  the  next  cycle  to  start.  When  the  weld  is  off  the  tips 
usually  stay  open. 

Squeeze.  The  squeeze  time  is  the  period  in  which  the  air 
pressure  is  applied  to  the  cylinder  to  actuate  the  upper  arm 
prior  to  the  weld  time  starting.  It  is  important  that  the 
electrodes  make  contact  with  the  metal  being  welded  before 
the  weld  time  starts.  Excessive  squeeze  time  is  better  than 
insufficient  squeeze  time. 

Wekl.  Weld  time  is  the  time  that  current  actually  flows 
through  the  electrodes  and  weld  area.  The  weld  time  and 
the  current  are  directly  related  in  that,  when  the  current  is 
turned  up  one  step,  the  weld  time  is  turned  down.  This  will 
result  in  better  penetration  without  o^  erheatiiig  the  area 
around  the  weld. 

Hold.  Hold  time  is  the  next  step  after  the  weld  time  and  is 
the  time  that  the  material  (weld)  is  held  under  pressure 
while  it  cools.  If  the  welds  break  apart  as  the  electrodes 
separate,  check  the  hold  time.  It  should  be  about  the  same 
as  the  weld  time  for  most  jobs.  Also  check  the  weld  time 
and  the  current  settings.  Refer  to  the  manufacturer's 
recommendations  for  the  proper  settings  for  each  job. 

Exercises  (234): 

1.   What  adjustments  should  you  make  if  the  weld  time 
starts  before  the  electro  -c*^  ^  .i  <^  contact? 


Figure  4-2.  Spot  weld. 
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Figure  4-4.  Weld  cycle. 
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3. 


What  should  you  check  if  the  welds  break  apart  as  the 
electrodes  separate? 


It"  molten  metal  is  forced  out  from  under  the  electrode 
tips  during  the  weld  cycle,  you  should  reduce  the 


235,  State  the  uses  of  electrodes  and  how  to  care  for 
them. 

Electrodes.  Electrodes  are  usually  copper  alloy 
cylindrical  rods  with  various  shaped  tips.  The  electrical 
conductivity  of  the  electrodes  must  be  great  enough  to 
allow  sufficient  heating  at  the  point  of  the  weld  without 
excessive  heating  at  the  tips  of  the  electrodes. 

The  life  of  the  electrode.,  is  increased  by  water,  which  is 
why  it  is  important  to  turn  the  water  on  before  using  the  spot 
welder  and  also  important  to  turn  the  water  off  after  use.  If 
the  water  is  left  on,  it  may  cause  harmful  condensation  on 
the  transformer  cooling  pads. 

The  radius  of  the  electrode  tips  determines  the  size  of  the 
spot  weld.  If  the  tips  are  too  small,  the  weld  may  lack 
strength.  If  the  tips  are  too  large,  the  weld  will  have  a  poor 
surface  appearance  because  the  required  additional  heat  will 
cause  localized  overheating. 

The  electrode  tips  must  be  cleaned  and  dressed 
frequently.  Standard  straight  electrodes  range  in  length 
from  1  Va  inches  to  4V2  inches  and  are  held  in  the  place  by  a 
Morse  taper.  This  allows  quick  and  easy  removal.  The 
shape  of  the  nose  of  the  most  commonly  used  electrode  is 
domed.  The  dome  should  be  even  and  gradual  with  a 
contact  point  of  1/8  to  1/4  inch  in  diameter.  Remember,  the 
shape  of  the  tip  will  show  on  every  weld,  so  dress  them 
properly. 


The  double  bend  offset  electrode  is  very  useful  in  getting 
a  weld  into  a  corner  or  close  to  the  bottom  of  an  item.  Take 
care  not  to  turn  the  air  pressure  as  high  as  with  straight 
electrodes,  because  the  electrode  may  collapse. 

The  success  of  your  welds  depends  on  the  cleanliness  of 
the  tips  of  the  electrodes.  An  electric  wire  is  insulated  with 
a  coating  to  keep  the  electricity  in  the  wire.  This  also  occurs 
with  a  dirty  (contaminated)  point.  As  you  weld,  there  is  a 
certain  amount  of  the  material  that  will  alloy  with  the  tip. 
Since  the  conductivity  of  the  metal  being  welded  is  lower 
than  that  of  the  electrode,  it  acts  as  an  insulator  and  a  poor 
quality  weld  results.  So,  you  have  to  keep  the  tips  dressed 
(smooth,  clean,  uiid  domed). 

Proper  maintenance  of  spot  welders  is  very  important  if 
good  welding  is  to  be  done.  Electrodes  must  be  dressed 
(cleaned)  because  they  become  pitted  through  continued 
use.  Dressing  is  done  with  the  electrodes  in  correct 
alignment  and  with  a  mill  file  used  on  the  points  until  the 
desired  diameter  is  obtained.  Use  emery  cloth  to  finish  the 
points  to  a  slight  dome.  Another  maintenance  item  is 
cleaning  the  water  lines  inside  the  electrodes;  clean  and 
flush  these  everv  week  to  10  days. 

Exercises  (235): 

1.   What  electrode  maintenance  is  required  for  good 
welds? 


2.   Where  are  offset  electrodes  used  to  weld? 


How  do  electrode  tips  that  are  too  small  affect  the 
weld? 
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4.   How  can  water  help  extend  the  lite  of  an  electrode? 


Exercises  (236): 
1 .    What  metals  may  be  spot  welded? 


236.  Specify  types  of  materials  that  may  be  >velded,  and 
state  characteristics  of  materials  h  hich  affect  their  being 
welded. 

Materials.  Nearly  all  metLils  may  be  >pot  welded.  Some 
have  different  characteristics  and  require  different  settings 
of  the  machine.  When  welding  any  metal,  its  surface  must 
be  free  of  oil  or  any  foreign  material.  You  should  check  the 
manufacturer's  handbook  or  the  technical  manual  for  these 
settings. 

Dissimilar  materials  are  difficult  to  join  and  present 
problems  not  met  in  welding  similar  metals.  For  example, 
suppose  you  are  welding  stainless  steel  to  a  nickel  alloy  of 
steel-  You  will  have  to  use  a  different  electrode  for  each 
metal  because  the  welding  resistances  are  different.  The 
metal  with  the  greater  resistance  becomes  hotter  than  the 
one  with  less  resistance,  and  the  desired  fusion  of  one  metal 
into  the  other  does  not  occur  properly.  The  selection  of 
electrodes  for  a  spot  welder  is  just  as  much  of  a  problem  as 
finding  the  proper  cement  for  bonding  resins.  Electrodes  are 
chosen  for  their  freedom  from  sticking  to  the  metal  that  is 
being  bonded. 

Becau.se  of  the  inherent  characteristics  of  aluminum 
alloys,  it  is  necessary  to  use  procedures  that  differ 
somewhat  from  conventional  spot  welding.  The  electrical 
conductivity  of  aluminum  is  much  higher  than  most  metals, 
and  this  factor  requires  higher  welding  currents. 

Aluminum  does  not  have  a  plastic  range — ; 
characteristic  permitting  a  weld  to  be  made  without 
converting  it  to  the  liquid  state.  When  welding  aluminum, 
precise  control  is  required  of  the  energy  input  into  the  weld 
so  that  the  material  at  the  inner  contact  point  will  be  brought 
to  the  melting  point  while  surfaces  in  contact  with  the 
electrodes  will  remain  relatively  cool. 

The  oxide  which  forms  on  aluminu^i  sheets  must  be 
removed  before  the  welding  process  i  arted,  since  the 
oxide  has  a  high  and  erratic  electrical  resistance.  This 
resistance  affects  the  amount  of  heat  produced  at  the  weld. 
Hydrofluoric  acid  in  paste  fonn  is  normally  used  to  clean 
aluminum  before  spot  welding,  but  after  a  few  seconds  it  is 
washed  off  under  running  water. 

The  electrode  tips  must  be  cleaned  and  reshaped 
frequently  when  welding  aluminum  because  aluminum  has 
a  tendency  to  alloy  with  the  copper  tips. 

You  will  use  the  spot  welder  many  times  in  the  sheet 
metal  shop.  For  instance,  it  may  be  used  when  making  a  lap 
seam,  fastening  corner  seams,  when  making  drip  pans  or 
similar  jobs,  or  when  making  metal  louvers  to  install 
between  studding.  The  outside  of  a  spot  welded  louver  is 
smooth,  so  a  close  fit  can  be  obtained. 

When  spot  welding,  always  wear  protective  equipment 
prescribed  by  safety  directives  at  your  base.  This  includes 
protective  clothing,  goggles  or  safety  glasses,  and  a  face 
shield.  The  sparks  spot  welding  generates  are  hazardous  to 
eyes  and  skin  and  may  travel  several  feet. 


What  problem  do  dissimilar  metals  present? 


3.   Why  is  aluminum  difficult  to  spot  weld? 


237.  State  how  to  prepare  material  for  welding  and  why 
such  preparation  is  necessary. 

Preparation.  Preparation  of  metals  for  spot  welding  is 
one  of  the  most  important  steps  for  a  strong,  smooth  and 
satisfactory  appearing  weld.  As  stated  previously,  foreign 
material  in  a  weld  joint  acts  as  an  insulator.  Therefore,  all 
tbreign  material  must  be  removed  from  the  welJ  area 
(seam). 

What  is  foreign  material?  Anything  that  does  not  aid  to 
the  bonding  of  the  two  metals.  A  few  of  the  most  common 
foreign  materials  found  on  metal  are  rust,  oil,  paint, 
corrosion,  and  dirt.  Any  one  of  these  or  a  combination  of 
these  m;  glials  can  act  as  an  insulator  or  insulate  a  portion 
of  the  weld  area  that  results  in  a  poor  weld.  Rust,  paint, 
corrosion,  and  dirt  can  be  removed  with  a  scraper,  file, 
grinder,  or  sandpaper.  Oil  can  be  removed  with  a  clean  rag 
and  small  amount.'^%  of  solvent,  if  necessary. 

After  the  metal  is  clean,  cut  and  formed,  and  ready  to  be 
welded,  check  and  insure  that  all  areas  to  be  welded  form  a 
proper  fit. 

Exercises  (237): 

1 .   Why  must  all  of  the  paint  be  removed  from  the  weld 
area  of  an  item  to  be  repaired? 


What  problem  does  foreign  material  in  a  spot  weld 
create? 


3.   What  should  you  use  to  remove  a  coating  of  oil  from  a 
weld  area  ? 


238.  State  procedures  for  testing  spot  welds. 

Tests.  Due  to  the  many  xariables  inxolved  in  spot 
welding,  getting  a  proper  weld  can  be  a  difficult  task. 
There tcre.  tests  ol  spot  wekls  are  vital  to  get  the  proper 
setting  on  the  machine.    Some  of  these  variables  are 
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^igure  4-5.  Internal  defect-spot  wcUl 


machine  settings,  conditions  under  which  the  welder  is 
used,  temperature  of  the  metal,  material  condition,  and 
electrode  condition.  Also,  remember,  welding  two  or  three 
times  in  the  same  place  causes  the  metal  to  cr>'stallize. 
Thus,  to  get  a  machine  adjusted  just  right,  it  is  important  to 
make  several  test  welds.  To  start  the  test,  select  small 
strips,  2x8  inches  or  larger,  of  the  same  material  as  the 
job. 

The  tests  we  discuss  are  the  peel  test,  visual  test,  and 
twist  test.  In  the  peel  test,  two  strips  are  placed  one  above 
the  other  and  a  spot  weld  is  made  near  one  end.  Then  the 
two  strips  are  separated  by  spreading  (peeling)  the  two 
loose  ends  apart.  The  weld  should  not  break,  but  peel  or 
tear  out  of  one  of  the  test  pieces  leaving  the  test  weld  intact. 

The  visual  test  is  to  check  the  weld  for  proper  size, 
shape,  surface  appearance,  tip  pickup,  surface  flashes, 
expulsion  of  weld  between  sheets,  blow  spots,  surface 
indention,  sheet  separation,  and  cJ^e  Ui^Liiice.  The 
electrode  indentation  should  be  slight  and  smooth.  When  a 
test  weld  is  checked  for  internal  defects  it  must  be  cut  in 
half  (fig.  4>5  shows  two  ways  to  cur  a  weld).  If  defects  arc 
too  numerous  or  too  large  then  a  cure  must  be  established  to 
overcome  the  problem. 

The  tixist  test  is  made  by  placing  one  test  piece  on  the 
other  to  form  a  "V"  and  making  a  spot  weld  where  the  two 
test  pieces  overlap.  To  test  the  weld,  force  tiie  two  loose 
ends  together  (as  if  closing  a  pair  of  shears).  The  weld 
should  twist  (tear)  out  of  one  test  piece  leaving  the  test  weld 
spot  intact.  Figure  4-6  shows  another  way  to  do  the  twist 
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Figure  4-6.  Tensile  test  coupons. 
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test.  The  two  ends  are  twisted  around  towards  each  other 
(pivot  on  the  weld)  to  aid  you  in  testing  welds.  Another 
simple  test  is  to  take  two  test  pieces  the  same  size,  offset 
them  1/8  inch,  as  shown  in  figure  4-7,  and  weld.  Then 
place  the  test  piece  in  a  vice  and  shear  them  apart  by 
applying  force  to  the  offset  sections.  After  the  weld  shears 
off  you  can  see  what  it  is  like  inside. 

Exercises  (238): 
1 .   By  what  three  methods  may  a  spot  weld  be  tested? 


2.   What  must  you  do  when  a  test  weld  is  checked  for 
intern  1  defects? 


3.   In  the  pell  test,  two  pi        a  .  placed  one  above  the 
other  and  spot  welded  then  , 


4.   Where  would  evidence  of  surface  flashes  show  up? 


5.   Another  way  of  seeing  the  inside  of  a  spot  weld  is  the 
 test. 


Figure  4-7.  Lap- welded  coupon. 
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Figure  4-8.  Soldering:  coppers. 


select  the  proper  size  and  shape.  Normally,  when  you  are 
soldering  with  a  pair  of  coppers,  you  are  heating  one  while 
using  the  other.  This  speeds  the  operation  by  keeping  the 
surface  hot. 

Electrically  heated  soldering  coppers  (irons)  (fig.  4-9) 
are  sized  by  the  wattage  of  the  heating  element  and  may  be 
used  for  some  soldering  tasks.  The  copper  tip  can  be 
removed  and  forged  to  the  desired  shape  without  damaging 
the  electric  heating  element.  Two  sizes  of  electric  soldering 
irons  that  you  nny  have  in  the  sheet  metal  shop  are  200 
watts  and  550  watts.  The  2()0-watt  size  can  be  used  for 
light  jobs,  such  as  soldering  screen  wire  to  light-gage  metal 
frames.  The  larger  550>watt  size  can  be  used  foi  jobs  such 
as  soldering  seams  on  metal  up  to  18  gage.  Always  check 
for  the  presence  of  heat  by  holding  your  hand  above  the 
copper  or  electric  iron  before  usinn.  The  best  rule  is  to 
handle  all  coppers  or  iriMv         '  lO  hot. 

Exercises  (239): 

1 .  Why  are  soldering  copper.s  sized  in  pairs? 


4-2.  Lead  Soldering 

Soldering  is  the  process  of  joining  two  pieces  of  metal  by 
a  third  metal  or  alloy  that  has  a  lower  melting  point  than 
either  of  the  metals  to  be  joined.  The  solder  is  flowed 
(melted)  between  the  surfaces  and  left  to  cool.  As  the  solder 
cools,  it  hardens  and  cements  the  two  pieces  of  metal 
together.  Although  the  joint  produced  by  soldering  is 
weaker  than  a  joint  produced  by  other  methods,  soldering  is 
especially  useful  for  making  airtight  and  liquidtight  joints 
that  do  not  have  to  withstand  much  pull  or  vibration.  Iron, 
tin,  galvanized  iron,  copper,  stainless  steel,  and  brass  are 
metals  that  are  commonly  soldered. 

Equipment  for  soldering  includes  soldering  coppers, 
tinner's  furnaces,  fire  p'  blowtorches,  hydrocarbon 
torches,  solder,  fluvi  «.  :cid  brushes,  and  tinning 
compounds.  W  .  ul5cu^^  l.u  us.*  and  care  of  each  of  these. 

239.  Explain  why  fire-heated  coppers  are  paired,  and 
how  to  forge  the  tip  on  an  electrically  heated  soldering 
iron. 

Soldering  Coppers.  There  are  three  shapes  of  fireheated 
coppers  used  in  most  sheet  metal  shops.  Figure  4-8 
illustrates  the  regular  square  point  copper,  bottom  copper, 
and  roofing  copper. 

The  regular  square  point  copper  is  used  a  great  deal, 
since  the  point  can  be  forged  and  shaped  for  different  types 
of  soldering  tasks.  Bottom  coppers  are  used  to  solder  pan 
bottoms,  large  tanks,  and  other  flat  bottomed  objects. 
Roofing  coppers  arc  used  to  solder  all  types  of  metal 
roofing,  flashing,  and  gravel  guard. 

Fire-heated  soldering  coppers  are  sized  by  weight  per 
pair;  for  example,  the  6-pound  copper  used  for  soldering 
seams  consists  of  two  coppers  weighing  3  pounds  each.  The 
'weight  of  a  copper  includes  the  head  weight  only;  the  shank 
and  wooden  handle  are  not  included.  It  is  important  to 
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What  steps  should  you  take  to  forge  the  tip  on  an 
electrically  heated  soldering  iron  and  why? 


240.  State  the  type  of  fuel  used  in  a  tinner^s  furnace,  a 
blowtorch,  and  a  firepot;  and  name  the  heating  device 
recommended  for  small  soldering  jobs. 

Heaters.  To  perform  satisfactorily,  soldering  coppers 
must  have  well-formed,  well-cleaned,  and  well-tinned 
points,  and  there  must  be  a  source  of  heat.  A  soldering 
copper  must  be  hot  enough  to  melt  the  solder  being  used. 
Some  solder  needs  as  much  as  800°  F.  to  melt  and  flow 
properly. 

Tinner's  furnace.  A  tinner's  furnace,  hown  in  figure  4- 
10,  is  used  to  heat  soldering  coopers  fr  ^  )bs  being  soldered 
in  the  shop.  The  furnace  is  mounted  i  ..  bench  and  may  be 
a  single  or  double  burner  model.  It  uses  natural  or  artificial 
gas  for  fuel  and  is  equipped  with  an  adjustable  control 
valve.  Some  furnaces  have  a  pilot  burner  to  ignite  the  main 
burner  more  quickly  and  easily.  The  single-burner  tinner's 
furnace  is  recommended  for  coppers  up  to  the  6-pound  size, 
and  the  double-burner  furnace  is  recommended  for  heavier 
coppers.  Be  sure  to  read  and  observe  all  safety  rules  when 
you  arc  operating  a  tinner's  furnace,  since  it  can  be 
hazardous  if  improperly  used. 


Figure  4-9.  Electric  soldering  iron. 


Figure  4-10.  Tinner's  furnace . 


Propane  tiftr.cr  s  fiumue.  A  propane  tinner's  furnace, 
illustrated  in  figure  4-1  1 ,  is  used  to  heat  soldering  coppers 
for  jobs  outside  of  the  shop  This  type  of  furnace  is  easy  to 
use  and  does  not  present  the  hazards  of  the  fire  pot  or 
blowtorch.  The  furnace  is  mounted  0[i  a  stand  or  on  top  of 
the  fuel  bottle  (not  illustrated).  These  furnaces  are  fueled  by 
propane  gas.  The  fuel  tanks  have  an  excess  pressure  relief 
valve  and  a  How  check  valve  that  provide  safety  in  its 
operation.  The  fuel  tank  usually  operates  for  many  hours 
without  being  refilled.  A  hose  transfers  fuel  from  the  tank  to 
the  furnace.  As  we  all  know,  a  hose  can  become  frayed,  so 
check  the  hose  often  and  keep  it  away  from  heat  or  hot 
coppers.  Replace  a  frayed  hose  immediately.  Don't  wait  oi 
you  may  be  too  late. 

Firepot.  Firepots,  like  the  one  shown  in  figure  4-12,  are 
available  in  many  sizes  and  types  and  are  used  to  heat 
soldering  coppers  in  the  shop  or  in  the  field.  The  firepot  is 
equipped  with  a  wind  deflector  and  can  be  used  to  heat  two 
coppers  at  a  time.  Unleaded  (white)  gasoline  is  used  for 
fuel.  Air  pressure  forces  the  fuel  into  the  generating  coil  or 
chamber,  which  is  kept  hot  enough  to  vaporize  the  fuel. 
Although  operating  procedures  are  similar  to  the  operating 
procedures  for  a  blowtorch,  you  should  carefully  follow  the 
instructions  for  the  particular  firepot  you  are  using.  The 
firepot  requires  very  little  maintenance  as  long  as  you  use 
only  unleaded  gasoline.  In  figure  4-12,  you  can  sec  the 
principal  parts  of  a  typical  firepot. 

Blowtorch.  The  gasoline  bi^nvtorch,  shown  in  figure  4- 
13,  can  also  be  used  for  heating  soldering  coppers  in  the 
shop  or  in  the  field,  though  the  blowtorch  is  smaller  than  a 
firepot  and  not  as  efficient.  Since  the  blowtorch  is  easier  to 
carry,  it  is  used  mainly  for  small  jobs  or  where  portability  is 
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a  fi'ctor.  For  heatmg.  the  head  of  a  soldering  copper  is 
placed  in  the  tlame  and  ihe  shank  is  placed  on  the  two  rest 
points. 

To  operate  the  blowtoich,  fill  it  about  two-thirds  full  of 
clean,  unleaded  gasoline,  and  pump  sufficient  air  pressure 
into  the  tank  to  cause  the  gasoline  to  How  when  the  valve  is 
opened.  Don't  pump  too  much,  however,  because 
e\cessi\e  pressure  may  rupture  the  washers  and  seals. 
When  the  valve  is  opened,  liquid  ga,>oline  Hows  from  the  jet 
of  the  torch  and  drips  into  the  priming  tank  (pan).  Close  the 
valve  when  the  pan  is  about  three -fourths,  full;  then  ignite 
the  gasoline  with  a  match.  The  tlame  from  the  burning 
gasoline  in  the  priming  pan  heats  the  perforated  nozzle 
(heating  tube).  When  the  nozzle  is  sufficiently  hot.  open  the 
valve  slowly,  allowing  the  gasoline  vapor  that  has  been 
forn^d  to  How  from  the  nozzle  where  it  will  ignite  and  burn 
with  considerable  force.  Adjust  the  tlame  to  the  desired 
intensity  by  turning  the  valve  counterclockwise.  For  best 
results,  adjust  the  valve  so  that  a  clean,  pale  blue  tlame  is 
produced.  If  the  pressure  in  the  torch  decreases,  it  is 
permissible  to  pump  in  more  air  while  the  torch  is  in 
operation.  When  you  are  through  using  the  torch,  close  the 
valve,  and  lighten  it  sufficiently  to  prevent  gas  from 
escaping.  Remember  that  the  hot  metal  contracts  when  it 
cools  and  causes  the  valve  to  stick. 

The  gasoline  blowtorch  requires  vcr\'  little  maintenance 
as  long  as  you  use  only  unleaded  gasoline.  If  leaded 
gasoline  is  used,  a  compound  forms  that  stops  up  the 
gasoline  passage,  and  the  torch  becomes  a  source  of  trouble 
from  that  time  cn,  since  it  is  almost  impossible  to  clean  the 
passages  thoroughly.  Insufficient  heating  t>om  the  priming 
pan  is  the  cause  of  most  difticulties  in  lighting  a  blowtorch. 

For  heating  soldering  coppers,  we  have  discussed  four 
types  of  heaters.  All  four  use  an  open  11  a  me.  The  tlame  may 
be  inside  the  heating  chamber  but  it  is  exposed  to  the  air  in 
the  room  or  job  site.  Check  for  the  presence  of  flammable 
vapors  and  make  sure  that  there  is  adequate  ventilation 
before  lighting  the  hcater. 


CPT-030 


Figure  4-11.  Propane  tinner  s  furnace. 
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Exercises  (240): 
1 .   What  type  of  fuel  is  used  in  a  tinner's  fumaee? 


What  heating  deviee  is  reeommendcd  lor  use  on  small 
soldering  jobs? 


3.   What  type  of  fuel  is  used  in  the  bknv  toreh  and  fire  pot? 


241.  Cite  some  of  the  processes  used  to  clean  and  care 
for  soldering  equipment. 

Cleaning  Soldering  Coppers.  The  tip  of  the  copper  must 
be  clean.  Clean  it  before  you  use  it.  and  clean  it  while  you 
are  using  it.  Soldering  coppers  may  be  cleaned  in  three 
ways:  ( I )  Rub  the  hot  copper  on  a  cake  of  sal  ammoniac  and 
wipe  it  off  with  a  clean  eotton  cloth.  (2)  Dip  the  hot  copper 
into  a  container  of  powdered  sal  ammoniae  and  wipe  it 
clean.  (3)  Dip  the  hot  copper  into  a  solution  of  sal 
ammoniac  ( 1/2  ounce  of  powdered  sal  ammoniac  to  1  quart 
of  clean  water)  and  wipe  it  clean.  To  wipe  the  heated 
copper  with  a  rag  (do  not  use  rags  made  of  materials  other 
than  cotton),  place  the  rag  on  the  bench  (do  not  hold  the  rag 
in  your  hand)  and  quickly  drag  the  copper  across  it.  Clean 
all  of  the  tinned  surface  of  the  copper. 

Shaping  Soldering  Coppers.  Soldering  eoppers  and  the 
copper  from  an  electrical  soldering  iron  can  be  shaped  to  fit 
the  requirements  of  the  job  by  filing  or  forging.  Always 
remove  the  copper  point  from  an  electric  ii*^ii  before 
forging.  If  the  copper  needs  excessive  reshaping,  it  is  best 
to  forge  it  rather  than  file  it.  To  shape  a  copper  by  forging: 

( 1 )  File  the  copper  to  remove  all  the  scale  and  smooth  the 
surfaces. 
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Figure 4-1 2.  Fircpot. 
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Figure  4-13.  Gasoline  blou torch. 


(2)  Heat  the  copper  to  a  bright  red. 

(3)  Hold  the  eopper  on  an  anvil  and  change  it  to  the 
required  shape  by  striking  it  with  a  hammer.  Turn  the 
copper  often  to  produce  the  necessary  squared-off  sides. 
Keep  a  blunt  point  on  the  copper  by  hammering  the  point 
back.  This  keeps  the  point  from  cooling  off  too  rapidly. 
Reheat  the  copper  as  often  as  necessary  to  make  it  easy  to 
work.  As  you  work  the  copper  into  shape,  keep  the  sides  of 
the  point  smooth. 

(4)  Reheat  the  copper  to  a  bright  red  and  file  it  to  a 
smooth  finish.  Then  tin  the  copper. 

Tinning  Compound.  A  tinning  compound  is  used  to  coat 
the  copper  with  solder.  Sal  ammoniac  is  an  example  of  a 
tinning  compound  normally  used  in  the  Tietal  shop.  As  the 
sal  ammoniac  is  heated  by  '  >'  —er,  it  gives  off 
hydrochloric  acid,  which  dis.,ui\eh  »iie  oxides  from  the 
surface  of  the  copper.  With  the  surfaces  of  the  copper  clean, 
smooth,  and  free  of  oxides,  the  solder  will  adhere  to  it. 

Tinning  Soldering  Coppers.  To  tin  a  copper,  there  are 
three  basic  steps: 

( 1 )  Heat  the  copper  so  that  it  melts  the  solder. 

(2)  Rub  each  filed  side  of  the  copper  back  and  forth 
across  the  cake  of  sal  ammoniac.  Don't  hold  it  still  because 
the  concentrated  heat  causes  the  sal  ammoniac  to  crack. 
Don't  breath  the  fumes  given  off  from  hot  sal  ammoniac. 

(3)  After  all  sides  of  the  copper  have  been  applied  to  the 
sal  ammoniac,  apply  solder  to  the  copper  and  continue  to 
rub  it  back  and  f(  rth  on  the  sal  ammoniac.  Repeat  this  for 
each  side  of  the  copper  to  be  tinned. 
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Exercises  (241): 

1 .  Why  should  you  keep  a  blunt  point  on  a  copper  that  is 
being  forged? 

2.  What  two  items  are  used  to  clean  a  soldering  copper? 


3.   How  should  you  use  the  rag  to  clean  a  copper? 


^  Mrrify  how  to  clean  and  tin  joints  and  seams 

Joints  and  Seams.  To  tin  joints,  there  are  four  basic 
steps: 

(1)  Clean  the  metal  to  be  tinned.  This  means  removing 
dirt,  grease,  foreign  matter,  and  oxide  so  that  the  tlux  and 
solder  can  make  contact  with  the  surface  of  the  metal  itself. 

(2)  Deburr  (file  or  remove  anything  that  will  prevent  the 
.netal  (joint)  from  mating  properly.  This  can  be  done  with  a 
file  at  the  same  time  the  oxide  is  removed. 

(3)  Apply  flux  to  the  area  to  be  tinned.  The  flux  is  used  to 
clean  the  joint  area  to  remove  the  oxide  film  (that  is 
normallv  present  on  the  metal  and  has  been  missed  by  the 
file)  and  to  prevent  further  oxidation.  Fluxes  also  decrease 
the  surface  tension  of  the  solder  and  thus,  make  the  solder  a 
better  wetting  agent  and  help  the  solder  to  adhere  to  the 
metal. 

(4)  The  last  step  is  to  apply  solder  to  the  areas  to  be 
joined.  This  is  done  by  heating  the  area  with  a  copper  and 
applying  solder  lo  the  iVicii;)  (not  the  copper).  Work  the 
copper  back  and  forth  on  the  metal  until  a  thin  layer  of 
solder  covers  the  area  of  the  joint.  Remember,  don't  pile 
the  solder  up  in  thick  puddles.  With  a  thin  coating  of  solder 
adhered  to  the  metal,  it  is  said  to  be  tinned.  Tin  both  parts  of 
a  joint. 

Exercises  (242): 
1 .  What  action  is  necessary  to  tin  a  joint  or  seam? 


remove  o  -ies  from  items  to 


243.  State  soldering  techtiiques  and  the  composition  of 
common  solder  mixiures. 

Soldering  Techniques.  As  a  sheet  metalworker,  you 
must  be  able  to  solder  galvanized  iron,  stainless  steel, 
copper,  lead,  brass,  and  bronze.  However,  most  of  your 
soldering  will  involve  galvanized  iron  with  the  solder  used 
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as  a  sealer  for  joints  and  seams  to  make  them  liquidtight. 
Solder  flows  toward  heat,  so  heat  ^he  part  you  w  int  joined. 
Apply  the  solder  to  the  metal,  and  when  it  begins  to  flow  j 
into  the  seam  or  joint,  move  the  copper  ^lowly  and 
smoothly  along  the  seam.  Notice  how  the  solder  flows  in 
between  the  two  parts  as  they  reach  the  melting  temperature 
of  the  solder.  Don*t  move  too  fast  or  you  may  leave  voids  in 
the  solder.  A  point  to  remember:  once  over  the  seam 
produces  the  best  solder  job. 

Soldering  riveted  seams.  When  you  solder  a  riveted 
seam,  the  rivets  as  well  as  the  .seam  must  be  soldered  to 
insure  a  well-sealed  seam.  After  applying  flux  with  an  acid 
brush,  move  the  heated  copper  slowly  along  the  seam, 
sweating  the  joint  and  adding  solder  to  the  seam  and  rivets, 
as  needed.  Remember  to  apply  the  solder  to  the  surface,  not 
to  the  copper.  If  the  surface  is  heated  properly,  the  solder 
will  flow  evenly  into  the  seam  and  around  the  rivet  heads. 

Solderini^  {grooved  seams.  The  method  for  soldering 
grooved  seams  is  sim.ilar  to  soldering  riveted  seams,  except 
that  there  are  no  rivets  to  be  soldered.  Installing  metal  roofs 
is  an  example  of  grooved-seam  soldering. 

Resolderin^,  In  some  cases,  you  will  be  required  to 
re.solder  joints  or  seams  that  are  dirty  from  use.  such  as  drip 
pan  seams  that  have  grease  or  oil  in  the  pores  of  the  old 
solder  and  metal.  In  this  case,  you  need  to  melt  and  remove 
the  old  solder  by  wiping  with  a  clean,  damp  cotton  rag. 
After  this  wiping,  apply  the  flux,  heat  the  surface  again, 
and  apply  enough  solder  so  that  it  can  be  wiped  several 
times  with  a  clean,  damp,  cotton  rag.  This  procedure 
removes  any  remaining  grease  from  the  pores  and.  at  the 
same  time,  tins  the  surface.  After  this  cleaning  and  tinning 
has  been  done,  you  can  solder  the  metal  as  you  would  a  new 
seam  or  joint. 

Sweating.  To  make  a  properly  sealed  seam  or  joint,  it  is 
often  necessary  to  sweat  the  solder.  Sweating  is  the  process 
of  flowing  solder  into  heated  joints  or  seams.  To  sweat  a 
tinned  joint,  you  apply  heat  until  the  solder  in  the  joint 
melt!^  and  flows  evenly  and  the  excess  solder  is  forced  out 
of  the  joint.  Remove  the  heat  and  hold  the  joint  firmly  until 
it  cools. 

Cool  in  and  eleanir.g  a  soldered  surfaee .  After  soldering 
has  been  completed,  hold  the  pieces  firmly  in  place  and 
allow  the  surface  to  cool  slowly  until  the  solder  is  solid. 
When  heated  and  cooled  properly,  the  solder  has  a  bright, 
shiny  appearance.  If  you  have  used  corrosive  flux,  you  can 
use  warm  soapy  water  mixed  with  washing  soda  to  prevent 
streaking  •  '  cleaning  the  excess  flux,  rinse  the  surface: 
then  d\\  ith  a  clean  rag  to  prevent  streak. ng  and 

Solder  Composition.  Solder  is  a  mixture  of  tin  and  lead. 
Three  commonly  used  blends  of  solder  are  40/60,  50/50, 
and  60/40.  In  the  flrst  example — (40/60) — the  40  represents 
the  percent  of  tin,  and  the  60  represents  the  percent  of  lead. 
When  pure  tin  (which  melts  at  450°  F.  and  lead  (which 
melts  at  620""  F.  )  are  mixed  they  become  a  fusible  alloy  that 
melts  according  to  the  mixture.  You  will  find  a  good  all- 
around  solder  to  be  the  40/60  mixture,  which  melts  at  464° 
F.  The  50/50  mixture  melts  at  428""  F.  and  the  60/40  mixture 
at  374°  F.  These  blends  of  solder  are  avilable  in  wire  form 
and  in  bars,  weighing  from  1/2  to  1  Vz  pounds. 


exercises  (243): 

1 .  What  technique  is  used  to  sweat  a  joint? 

2.  After  the  heui  is  removed,  what  must  you  do  :o 
produce  a  eood  strong  colder  joint? 

3.  Explain  the  nnxture  in  40/60  solder. 


4.   Why  should  you  not  nio\'e  too  fast  when  soldering? 


5.   How  do  you  remove  old  solder? 


6.   What  is  sweating? 
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Figure  4-14,  Hydrocarbon  torch. 
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7.   What  is  the  appearance  of  solder  when  it  has  been 
properly  heated  and  cooled? 


244.  Name  the  paii  ts  of  the  hydrocarbon  torch,  and  cite 
the  methods  used  for  soft  solder  with  the  hydrocarbon 
torch. 

Hydrocarbon  Torch.  The  hydrocarbon  torch  shown  in 
figure  4-14  is  used  for  soft  soldering  by  the  direct  flame 
method,  or  by  using  a  tlame-heated  (indirect  method) 
soldering  iron  as  shown  in  figure  4-14.  The  hydrocarbon 
torch  consists  of  a  tank,  tank  valve,  pressure  regulator, 
hose,  handle,  and  lips.  The  tank  contains  the  i^cetylene 
(fuel).  When  the  tank  valve  is  opened,  the  acetylene  is 
admitted  to  the  regulator  and  to  the  tank  pressure  gage 
which  is  shown  in  figure  4-14.  The  regulator  regulates  the 
amount  of  pressure  to  the  torch.  This  can  be  done  by 
adjusting  the  regulator  knob. 

CAUTION:  Do  not  use  acetylene  at  pressures  above  15 
psi;  to  do  so  may  cause  an  explosion. 

Change  the  tips  to  compensate  for  various  applications 
where  you  require  more  or  less  heat. 

Soft  Soldering  Procedures.  Before  soldering,  you  must 
clean  the  pieces  that  are  to  be  joined  together;  then  clean 
and  tin    'C  solder      iio  r.  '  /  use  it.  If  using  the 

.  '  i?!'^^  '  -  J.  c^c  me  proper  tip  for  the  job. 
atLi  (in^,  apply  a  thin  layer  of  flux  to  both  pieces,  fit 
the  p.  together,  and  rotate  them  to  distribute  the  flux 
evenly. 

To  prevent  damage  to  the  regulator,  turn  it 
counterclockwise  before  opening  the  tank  valve.  Open  the 
tank  valve  and  adjust  the  acetylene  to  the  correct  pressure 
with  the  regulator  knob  and  use  a  friction  lighter  to  light  the 
fuel  and  air  mixture.  (CAUTION:  To  keep  from  burning 
your  hand,  do  not  use  a  cigarette  lighter  or  matches  to  light 
the  torch.) 

After  lighting  the  torch,  apply  the  tlame  evenly  to  the 
joint  until  solder  appears  at  the  joint.  The  joint  is  complete 
except  for  the  cleaning  process.  Clean  the  joint  with  a  wire 
brush,  scraper,  or  emery  cloth  to  remove  the  flux  residue 
and  for  inspection  purposes. 
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Exercises  (244): 

I .   Name  the  parts  of  the  hydrocarbon  torch. 


Exercises  (245): 

1.   What  types  of  aluminum  alloys  are  the  most  difficult 
to  solder? 


2.  Cite  the  two  n  cd  to  soft  solder  with  the 

hydrocarbon  torch. 


2.   What  is  y^^ur  first  step  in  soldering  aluminum? 


3 .   What  types  of  tlux  are  used  to  solder  aluminum? 


245.  Specify  techniques  for  using,  and  characteristics  of 
materials  used  in  soldering  aluminum  alloys. 

Soldering  Aluminum  Alloys.  Soldering  aluminum 
alloys  is  more  difficult  than  soldering  many  other  metals. 
The  difficulty  arises  largely  from  the  fact  that  aluminum 
alloys  are  always  covered  with  a  layer  of  oxide,  the 
thickness  of  the  layer  depends  upon  the  type  of  alloy  and  the 
conditions  to  which  it  has  been  exposed. 

Many  aluminum  alloys  can  be  successfully  soldered, 
however,  if  the  proper  techniques  are  used.  Wrought 
aluminum  alloys  are  usually — although  not  always — easier 
to  solder  than  cast  aluminum  alloys.  Heat-treated  alum.inum 
alloys  arc  extremely  difficult  to  solder,  as  are  aluminum 
alloys  containing  more  than  1 -percent  magnesium. 

The  solders  used  for  soldering  aluminum  alloys  are 
generally  tin-zinc  or  tin-cadmium  alloys,  and  are  usually 
referred  to  as  aluminum  solders.  Most  of  these  solders  have 
higher  melting  points  than  the  tin-lead  solders  usc;l  for 
ordinary  soldering.  Both  corrosive  and  noncorrosive  fluxes 
aie  used  in  soldering  aluminum. 

The  first  step  in  soldering  aluminum  is  to  clean  the 
surfaces  completely  and  remove  the  layer  of  oxide.  If  a 
thick  layer  of  oxide  is  present,  remove  the  main  part  of  it  by 
mechanically  filing,  scraping,  sanding,  or  wtre-brusthug,  \ 
thin  layer  of  '>xide         ■  ca?        renv  \  jsin^ 

i^^TTo-.ivc    V       iL.  e,  nii.si  ^e  Cc  npleteiy 

oiVv     '  ■  y,'ir  .  ;.cr  the  soldering  is  finished. 

A  g  and  fiuxing  the  surfaces,  tin  the  surfaces 

with  aluminum  solder.  Apply  fiux  to  the  work  surfaces  and 
to  the  solder.  You  can  tin  the  surfaces  with  a  soldering 
copper  or  with  a  torch.  If  you  use  a  torch,  do  not  apply  heat 
directly  to  the  work  surfaces,  to  the  solder,  or  to  the  fiux. 
Instead,  play  the  torch  on  a  nearby  part  of  the  work  and  let 
the  heae  be  conducted  through  the  metal,  to  the  work  area. 
Do  not  use  any  more  heat  than  is  needed  to  melt  the  solder 
and  tin  the  surfaces.  Work  the  aluminum  solder  well  into 
the  surfaces.  After  the  surfaces  have  '^een  tinned,  the  parts 
may  be  sweated  together. 

A  procedure  that  is  sometimes  used  for  soldering 
aluminum  alloys  is  to  tin  the  surfaces  with  an  aluminum 
solder  and  then  to  use  a  regular  tin-lead  solder  to  actually 
joint  the  tinned  surfaces.  This  procedure  may  be  used  when 
the  .shape  the  parts  prevents  the  use  of  the  sweating 
method  or  when  a  large  amount  of  solder  is  required  to  joint 
the  parts.  When  you  are  using  tin-lead  solder  with 
aluminum  solder,  it  is  not  necessary  to  use  a  fiux. 


4.   What  tinning  material  should  you  use? 


246.  Cite  the  uses  of  flux  and  explain  the  precautions  you 
should  take  while  working  with  fluxes  and  soldering 
equipment. 

Flux.  Before  soldering,  treat  the  surface  of  the  metal 
with  a  fluv.  to  remove  the  oxide,  to  prevent  oxidation  during 
heating,  and  to  lower  the  surface  tension  of  the  solder  so 
that  it  will  fiow  properly.  The  corrosive  fiuxes  that  you  will 
use  include  zinc  chloride  and  muriatic  acid.  Following  the 
use  of  a  corrosive  fiux,  rinse  the  surface  of  the  metal  with 
water  to  prevent  the  fiux  from  acting  on  the  metal  that  has 
been  soldered.  Corrosive  fiuxes  are  usually  applied  with  an 
**acid  brush.**  Dip  the  brush  into  the  liquid  fiux  and  spread 
it  on  the  metal  to  be  soldered.  After  each  use,  rinse  the  acid 
brush  in  running  water  to  prevent  the  corrosive  action  of  the 
fiux  from  ruining  the  bristles.  Be  very  careful  because  most 
fiuxes  are  harmful  to  your  skin  and  clot^iiv^  \  .-.hv  :ig 
water  immediately  to  rinse  off  any  fii  '  <  »  v\  .ou. 
Protect  yorr  tools  from  cvxrosive  fiu/  ?  .store  liquid 
*'U\es  witn  Inc  containers  closed. 

Rosin  is  a  noncorrosive  P  :  used  in  .soldering  bright 
copper,  such  as  roofing  .  i  electrical  wiring.  Rosin 
prevents  oxidation  during  r._*ating,  although  it  does  not 
remove  oxidation  as  do  the  corrosive  fiuxes.  Rosin  is 
available  as  a  powder  or  a  paste.  Either  can  be  melted  on 
the  surface  with  a  hot  iron.  Like  other  acids  in  the  metal 
shop,  when  there  is  a  spill,  clean  it  up.  If  it  spills  on  people 
or  clothing,  wash  it  away  with  an  abundance  of  water. 

During  the  soldering  process,  keep  the  tip  of  the  copper 
clean  by  dripping  it  into  a  sal  ammoniac  solution  (1/2  ounce 
of  powdered  sal  ammoniac  to  1  quart  of  clean  water).  If  a 
dipping  solution  is  not  available,  you  may  use  a  cotton  rag. 
Wipe  the  heated  tip  lightly  and  quickly  across  the  rag.  (Do 
not  use  rags  made  of  material  other  than  cotton.)  Remember 
that  tinning  the  coppers  and  keepini^  them  clean  is 
important  in  order  to  perform  good  soldcn  ^bs. 

Safety  Precautions.  When  you  arc  using  soldering 
equipment,  safety  precautions  are  very  important.  For 
example,  do  not  use  the  blowtorch  and  firepot  in 
unventilated  areas.  Check  this  equipment  for  safe  operation 
in  accordance  with  the  manufacturer's  handbook  or  the 
technical  manual. 

201 


When  you  fUl  a  blowtorch  or  firepot  with  unleaded 
gasoline,  it  is  best  to  do  it  e^ut  of  doors.  Ifthe  filling  must  be 
done  indoors,  make  certain  that  there  are  no  nearby  sources 
of  ignition,  such  as  a  pilot  burner,  open  tlame,  or  sparking 
equipment.  Keep  the  gasoline  for  the  firepot  or  blow  torch  in 
outside  storage  areas  for  safety  purposes,  and  mark  the 
storage  tank  to  designate  its  contents.  Never  smoke  when 
you  are  filling  the  tank  or  going  to  the  storage  area. 

Place  the  firepot  or  blo\K'torch  on  a  firm  foundation  away 
from  walls  and  other  combustable  materials  and  do  not 
ignite  it  if  gasoline  has  spilled.  Do  not  move  blowtorches 
and  firepots  until  all  of  the  gasoline  in  the  priming  tank  has 
burned  away. 

The  propane  tinner's  furnace  is  a  dangerous  piece  of 
equipment  because  it  is  mounted  on,  or  attached  to,  a  tank 
(bottle)  of  liquid  propane  under  pressure.  Like  the  firepot  or 
blowtorch,  it  has  an  open  tlame.  Apply  the  above  safety 
rules  to  the  propane  tinner's  furnace. 

Always  treat  soldering  coppers  as  if  they  were  hot.  A  hot 
copper  can  cause  a  serious  bum.  Check  them  before  use  to 
make  sure  that  the  shank  is  firm  in  the  handle.  Do  not  hold 
the  dry,  cotton  cleaning  rag  in  your  hand  when  you  are 
wiping  a  copper,  but  place  it  where  the  heated  copper  can 
be  pulled  over  the  rag. 

Do  not  inhale  the  harmful  fumes  from  the  tlux  and  acid. 
You  should  also  avoid  using  too  much  solder.  It  can  drip 
and  bum  you  or  someone  else. 

Disconnect  electric  soldering  irons  when  they  are  not  in 
use,  and  before  dipping  into  a  sal  ammoniac  soi'uion.  Be 
careful  to  dip  only  the  tip.  Check  the  cords  and  connections 
often  for  breaks  in  the  wire,  insulation,  and  prongs. 

Exercises  (246): 

1.   What  action  should  you  take  if  you  spill  tlux  on 
yourself? 


2.   Why  is  a  pn^pane  tinner's  iumace  dangerous? 


3.   What  should  you  do  with  an  electric  soldering  iron 
when  it  is  not  in  use? 


7.   What  is  the  purpose  of  zinc  chloride? 


4-3.  Sealants  Used  in  Sheet  Metalwork 

In  this  section,  we  discuss  such  sealants  as  sealing  tapes, 
asphalt  roof  cement,  contact  cement,  and  calking 
compounds.  Sealants  make  joints  and  seams  airtight  or 
watertight.  They  should  not  be  used  for  holding  strength. 
For  instance,  if  you  are  setting  a  roof  jack,  nail  it  to  the  roof 
and  then  seal  around  its  edges.  Other  uses  of  sealants 
include  sealing  the  doors  and  window  facings  of  metal 
buildings  and  sealing  the  joints  and  seams  of  ducts.  Follow 
the  manufacturer's  instructions  when  using  sealnnts. 

247.  Name  three  types  of  sealer  and  give  a  use  of  each. 

Tape.  Tape  is  used  more  and  more  in  the  sheet  metal 
industry.  Pressure  sensitive  duct  tape  is  used  to  cover  small 
openings,  to  hold  items  together,  to  make  sheet  metal  items 
airtight,  and  to  connect  parts  of  air  systems.  On  a  duct 
system,  duct  tape  can  be  used  to  cover  seams  and  joints  to 
make  them  airtight,  also  to  make  connections  or  slip  joint 
fittings,  and  to  stop  vibration  noise  by  holding  the  parts 
together. 

Cement  and  Adhesive.  In  this  great  day  md  age  of 
advancement  in  technology,  there  are  many  improvements 
in  ways  of  attaching  items  together.  Look  at  some  of  the  old 
duct  systems  on  your  base.  How  was  the  insulation  held  on'^ 
Today,  there  are  several  brands  of  cements  or  adhe.s  on 
the  ma.rket.  In  many  applications,  they  have  replaced 
screws,  nails,  and  rivets. 

Sealants.  Sealants  are  available  in  many  forms,  such  as 
can,  tube,  and  roll,  and  can  save  many  hours  in  installing 
and  maintaining  equipment.  Sealants  are  used  in  areas 
subjected  to  weather,  heat,  and  movement  caused  by 
expansion  and  contraction. 

Exercises  (247): 
1 .   Name  three  types  of  sealer  and  give  a  use  of  each. 


4.   What  is  the  purpose  of  treating  the  surface  with  flux 
before  applying  solder? 


5.   When  should  you  use  a  noncorrosive  tlux? 


6.   How  should  you  keep  the  tips  of  the  copper  clean  when 
soldering? 


248.  Distinguish  among  the  types  of  sealing  compo.  J 
and  cement. 

Sealing  Compounds.  Calking  compound  is  a  thick 
paste-li'  ubstance  used  to  seal  around  windows,  ducts, 
and  any  iiumber  of  items  that  must  fii  closely  together. 
Calking  compound  is  available  in  cans  and  the  more 
popular  tube.  Silicon  sealants  are  available  in  tubes  that  fit 
into  a  standard  calking  gun.  They  are  made  in  almost  any 
color  and  can  be  applied  directly  to  any  clean,  dry  surface. 
When  you  are  using  silicon  sealants,  be  sure  there  is 
adequate  ventilation.  This  sealant  gives  off  toxic  fumes  as  it 
cures  into  a  rubbery  form  that  never  sets  up  hard.  When 
silicon  sealant  is  first  removed  from  the  container,  it  is  a 
thin  paste  and  can  be  worked  into  cracks  and  joints  easily. 
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Applied  with  a  calking  gun,  silicon  sealants  produce  a  good 
seal  with  acceptable  appearance. 

Roof i Hi*  cement.  We  will  discuss  two  types  of  roofing 
cement:  { 1 )  Asphalt-impregnanted  roofing  cement  that  is  u 
heavy,  elastic,  liquid,  waterproofing  adhesive,  usually 
black  in  color  but  available  in  aluminum  (2)  Plastic  roofing 
cement  that  is  a  strong  elastic  adhesive,  black  or  aluminum 
in  color.  It  is  used  widely  to  seal  around  roof  jacks  and  like 
items  subjected  to  the  weather.  Roofing  cement  is  usually 
applied  with  a  brush  or  paddle. 

Cements.  Most  of  the  cements  used  in  the  metal  shop  are 
contact  cements  and  rubber-to-metal  cements.  Use  contact 
cement  with  care,  it  is  a  liquid  that  is  usually  amber  in  color 
and  dries  very  quickly,  holding  items  together  without  the 
use  of  screws  or  rivets.  Apply  it  with  a  brush  or  roller  to 
both  surfaces:  then  let  it  dry  and  join  the  surfaces  together. 
Be  sure  to  get  them  correct  the  first  time  as  they  are  very 
hard  to  move  after  they  make  contact.  Rubber-to-metal 
cement  is  used  to  attach  insulation  to  duct  work.  It  is  a 
rubier-base  cement,  usually  amber  in  color,  and  is  applied 
with  a  brush,  roller,  or  spray,  with  a  longer  open  time 
(drying  time)  than  contact  cement.  Most  sealants  and 
cements  used  in  the  sheet  metal  shop  are  harmful  if  they 
remain  in  contact  with  the  skin  for  long  periods  of  time. 


Exercises  (248): 

1.   What  type  of  sealant  is  recommended  for  use  around 
windows  and  similar  items? 


What  sealant  is  available 
paste  when  applied? 


in  any  color  and  is  a  thin 


3.  What  is  the  black  or  aluminum  cement  used  to  seal 
ventilators,  jacks,  and  other  items  exposed  to  weather 
called? 


4.  What  is  the  amber  liquid  used  to  hold  items  together 
without  screws  or  nails  called? 
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ANSWERS  FOR  EXERCISES 


CHAPTUR 1 


Reference: 

20<)  -  1 . 
2(H)  -  2. 


It*  you  arc  not  tioini:  lo  use  ihc  drill  in  ■.  few  minutes,  put 
here  it  belongs. 


Always  pick  up  your  tixils  anJ  plaL*c  thcni  in  the  toolbox, 
tools,  those  not  priipcrU  stored  or  secured,  can  be  a 
hazard  tor  personnel. 


The\  nia\  become  damaized. 

Some  imIs  have  corrosive  properties  that  can  cause  damaiie  to 
the  tool  finish. 

-  1.  True. 

-  2.  False, 
it  up  w 

-  3.  True. 

-  4.    False.  A  clciin  shop  usual Iv  means  an  efficient  shop. 

-  5.  True. 

-  6.  False. 
Loose 
safetv 

-  7.  True" 
-8.  (I)d. 

(2)  c. 

(3)  a. 
(4»b. 

-  1.    Double-cultinu  shears. 

-  2.    .'Xviation  snips. 

-  3.    Straight  snips. 

-  4.    Aviation  snips. 

203  -  1.    The  metal  was  inserted  into  the  shear  before  the  shear  was 
turned  on. 

Wheel  and  belt  guards  and  blade  guards. 
Turn  off  the  shear  and  remove  cut  material. 
To  raise  the  blade  when  the  cut  is  complete. 
The  treadle. 

False.  The  holddow  n  is  operated  by  handles. 
Back  gage. 

Size  of  the  machine. 

It  can  make  more  types  of  cuts  than  a  squarii  ■  shear. 

Throalless  shears. 

2.  Circle  shears. 

3.  Ring  and  circle  shears. 

4.  Ring  and  circle  shears. 

1 .  Upper  blade  positioning  lever. 

2.  On  the  staiionar\  unishear  the  lower  blade  moves  to  make  the 
cut.  and  on  the  portable  unishear  the  upper  blade  moves  to  make 
the  cut. 

1.  Install  the  blade  so  the  teeth  are  pointed  foPAard. 

2.  Hold  the  saw  at  an  angle  that  allows  at  least  two  teeth  to  contact 
the  cutting  surface.  Use  long  strokes  and  apply  just  enough 
pressure  on  the  forvK  ard  stroke  to  cause  each  tooth  to  cut, 

207  -  3.  Position  the  item  to  be  cut  so  that  it  touches  both  the  blade  and 
the  work  rest,  then  lift  the  saw  just  enough  to  raise  the  blade  off 
the  work  and  depress  the  switch  trigger.  Then,  let  the  weight  of 
the  saw  do  the  culling.  Keep  the  work  rest  against  the  work. 

•  4.     14  teeth  per  inch. 

•  5,    24  teeth  per  inch. 

■  6.    One  with  32  teeth  per  inch. 

■  I .  Clamp  the  material  in  the  vise  jaws. 

■  2.  Use  the  blade  lubricating  device. 

■  3.  By  adjusting  the  feed  pressure  control. 
'  4.  Adjust  the  position  of  the  vise  jaw  s. 

-  1.    Metals  and  nonnictallic  materials. 

■  2.    The  skill  and  knowledge  of  the  operator. 

1.  Keeper  block. 

2.  Left  insen.  right  insert,  and  thrust  roller. 

3.  Install  the  proper  inserts. 

4.  There  is  no  hard-and-fast  rule. 

5.  The  center  of  the  pulley. 
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201 


202 
202 
202 
202 


203 

203  • 

203 

203 

203 

203 

204 
204 

205 
205 
205 
205 

206 
206 


207 
207 
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207 
207 
207 

208 
208 
208 
208 

209 
209 

210  - 
210  - 
210  - 
210  - 
210  - 


21  I 
21  I 
21  I 

212 
212 


213  - 

1. 

213  - 

-» 

214  - 

1. 

214  - 

214  - 

3. 

214  - 

4. 

l\5 
l\5  ■ 
l\5 
l\5 

l\5 
l\5 

1\5 

216 
216 
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111  -  I .    Line  voltage  regulator. 


-  2.    The  tension  control. 

-  3.    Loosen  the  stationary  jaw  thumb  screw  . 

-  4.    Gi  inding  and  annealing, 

-  1.    Hole  saws  are  used  to  ci.».  holes  up  to  4  inches  in  diameter  in 
light  Liage  >heet  iiK'tal  and  vood. 

First,  use  the  setscrew  wrench  to  adjust  the  adjustable  arm  for 
the  size  circle  and  to  adjust  the  cutting  point  to  the  correct 
depth.  Then,  while  cutting  the  hole,  hold  the  cutter  firmly  and 
perpendicuhu-  to  the  material  bc'uvj.  .Hit. 

Square  file,  double  cui. 
Single  cut  mill  file. 

Width  of  the  blade, 
■^'ou  would  drau  the  temper  I'Ut  of  it. 
You  grind  the  mushroom  (spreadout)  off. 

F- irmly  against  the  tool  rest  and  moved  in  a  steady  .motion  back 
and  fonh  across  the  face  of  the  w  heel. 

CHAPTER  2 

Carbon  or  high-speed  steel. 
On  the  shank. 
Inch. 

Failed  to  use  a  center  punch  to  sink  a  mark  at  the  desired  drill 
spot. 

The  instant  the  tw  ist  drill  breaks  thn^ugh  the  material. 
Either  clockwise   or   counterclockwise,   depending   on  the 
individual. 
7.    The  heel  and  the  web. 

1 .    Concrete,  brick,  or  cinder  block. 

To  bevel  the  edges  of  a  hole  so  that  countersunk  head  bolts  and 
rivets  ean  be  inserted  properlv. 

Where  electric  power  is  not  available. 
At  a  right  angle. 

To  test  for  trueness  and  vibration. 

Goggles,  safety  glasses,  or  a  face  shield. 
Chuck  key. 

Manufacturer's  handbook  or  technical  manual. 
Use  a  cutting  oil  to  cool  and  prevent  breaking  il.e  tw  ist  drill. 
1/2  inch. 

Starter  punch. 
Prick  punch. 
Whitney  punch. 

To  remove  burrs  from  holes. 
In  hand  drills:  electric  drills  and  drill  presses. 
Stiff  paper. 

No,  The  upper  and  low  er  turrets  are  synchronized. 
To  ream  or  enlarge  holes. 

2000  rivets. 
1 1/32  inch. 
Monel. 
Stagger. 

Access  with  a  bucking  bar  to  the  back  side  of  the  material  being 
riveted  is  not  necessary. 

General  rule  is  that  the  rivet  diameter  is  three  limes  the 
thickness  of  the  metal. 
Slightly  larger  than  1/8  inch  or  a  No.  30. 

It  is  a  holding  device  used  to  hold  metal  sheets  in  place  during 
dr-Ming  or  riveting. 
Settaig.  upsetting,  and  heading. 
The  jaws  arc  loaded. 

Set.  upset,  and  head. 

File  a  Hat  spot  on  the  manufactured  head,  center  punch,  drill  the 
depth  of  the  head  w  ith  a  drill  bit  the  same  diameter  as  the  rivet 
shank,  drive  the  rivet  out  with  a  pin  punch. 
222  -  3.  place  a  solid  rivet,  head  dow  n.  on  a  bene*  plate,  place  the  metal 
to  be  joined  over  the  rivet  and  tap  lightly  with  a  mallet.  Use  a 
rivet  set  and  tinners  hammer  to  drive  the  rivet  through  the  metal. 


217  - 

1 . 

217  - 

~> 

217  - 

3. 

218  - 

1. 

218  - 

-> 

218  - 

3. 

218  - 

4. 

218  - 

5. 

219  - 

1 

219  - 

-) 

219  - 

3. 

220  - 

1. 

220  - 

-) 

220  - 

3. 

220  - 

4. 

220  - 

5. 
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1. 

221  - 
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221  - 

3. 

221  - 

4. 

221  - 

5. 
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6. 
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8. 
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9. 
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In  nicial  p:iils  thai  iu;iy         In.*  disassr 
N'ihraliot^. 

Tapped  hiilc-.  or  nuts. 

Square.  hc.\ai:on.  wine.  scH-lockinc.  sliccl  spun.; 
Scrc  .v  nail.  Hccausc  ot  ils  ercaicr  hokiinu  power. 

»t«  the  comers  ot  sheei  metal  assemblies, 
i  I        N  .tiul  strenulhefi  corners, 

'  •!       V       IS  hent  o\  er  ihiMuNul  of  the  nail. 
\\  licp.  's  Ti  'et!  additional    '  >p.ni  and  ^!  onui 

\  o  su\-         -ui  ■      .  J.i^i  s\ sionis. 


I  .   :  ICNCl. 

C'kk  ss  or  spaPine. 


[c  ip.dicatc  pov.  cr 


The  wine  pressure  screws. 
The  ad  ill  si  able  collar  stop. 
The  A  edge. 

Adjusline  screws  P  and  O. 
The  bending  leaf  adjusting  bolt. 
Molds  or  iomicrs. 

It  has  removable,  interchangeable  lingers. 

Th'j  lower  rear  roll- 
Re  versing  sw  itch. 

To  keep  the  rear  roll  parallel  with  the  upper  roll. 
Be  ad|usied  to  compensate  for  different  diameters. 
The  tw  o  lower  rolls. 

Burring  machine. 
Turning  achine. 
HI  bow  edging  machine. 
.Selling  down  machine. 
Crimping  machine. 

Hand  dollies. 
Ball  peen  hammer. 

To  work  soft  material  without  damaging  it. 

Il  forms  grooved  seams  on  round  ducts  and  fonu: 
tor  comers  of  rectanguliir  ducts . 
Change  rollers. 

^'ou  must  mark  the  seam  allowances. 

WiihabvMi. 
The  blow  horn . 
Long  tlaring  articles. 
Screw  s  with  locknuts. 
Hammer. 


CHAPTER  4 

Water;  air  pressure. 
The  upper. 

False.  The  iransformer  circuit  produces  the  heat. 
1 00- voli  electrical  current. 

Increase  the  squeeze. 

lliehold. 

Air  pressure. 


lock  seams 
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1  . 
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23S  - 

3. 

23S  - 

4. 

23S  - 

5 
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1. 

240  — 

I 

240  - 

240  - 

3. 

241  - 

1. 

241  - 

241  - 

3. 

242  - 

I. 

~  ■ 

243  - 

1. 

243  - 

243  - 

3. 

243  - 

4. 

243  - 

5. 

243  - 

6. 

243  - 

7. 

244  - 

1. 

^44  — 

T 

245  - 

1. 

245  - 

T 

245  - 

3. 

245  - 

4. 

246  -  1 
246  -  2 


246 
246 


246  -  5 
246  -  6 

246  -  7 

247  -  1 


248  -  1 . 
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Keep  the  elctrodi's  dressed. 

In  coi ners  and  near  bottoms  of  containers. 

The  weld  will  lack  strength. 

It  keeps  it  cool  and  that  helps  keep  it  clean. 

Nearly  all  nK'tal.s. 

They  are  dittieult  to  w  eld. 

It  does  not  have  a  plasiie  range. 

To  remove  the  chance  of  poor  weld  (insulator). 

1(  inter! ercs  w  ith  the  bonding  of  the  meta!s  being  w  elded. 

A  clean  rag  and  solvent  it  necessary. 

iVel.  twist,  or  \isual. 

t'ut  It  m  halt. 

Separated. 

In  the  visual  test. 

Shear. 

So  one  can  be  heating  w  hile  the  othe.-  one  is  in  use. 
Remove  the  tip  so  that  the  heating  elcnenl  is  ;r,n  damaged. 

Natural  or  ariiticial  gas. 
The  blow  torch. 
Unleaded  gasoline  only. 

To  keep  the  tip  from  cooling  off  too  rapidly. 
Sal  amnuiniac  and  a  cotton  rag. 

Place  the  rag  on  the  bench  and  drag  the  copper  across  ir 

.Smooth  and  clean  ihe  area  to  be  tinned;  then  apply  heat, 
and  solder. 

Oxides  are  removed  with  tlu.v. 

Move  the  heated  copper  slowly  and  make  sure  that  the  solder 
tltnvs  into  the  seain  or  joint. 
Hold  it  firm  until  it  has  cooled. 
40  percent  tin  and  60  percent  lead. 
You  may  leave  voids. 

Melt  solder  and  remove  with  cie;in.  damp  cotton  rags. 
The  process  of  tlowin^i  solder  into  heated  joints  or  seams. 
Bright  and  shiny. 

Tank,  tank  valve,  pressure  regulator,  hose,  torch  handle,  and 
tips. 

Direct  or  indirect  methods. 

Heat-treated  alloys  and  alloys  containing  more  than  I -percent  of 
magnesium. 

To  remove  the  layer  of  oxide. 
Corrosive  and  noneorrosive. 
Aluminum  solder. 

Wash  it  off  w  ith  w  ater. 

It  has  an  open  tlame  and  is  attached  to  a  supply  of  liquid 

propane  under  pressure. 

Disconnect  it  from  the  electrical  supply. 

To  remove  oxide,  to  prevent  oxidation  during  healing,  and  to 
lower  surtacc  tension  of  the  solder. 
On  bright  copper. 

Dip  into  sal  ammoniac  or  use  a  clean  cotton  rag. 
Corrosive  flux . 

a.  Tape — to  make  sheet  metal  items  airtight. 

b.  Cement  and  adhesive — to  attach  insulation. 

c.  Sealant — to  protect  from  weather,  heal,  expansion,  and 
contraction. 

Calking  compound. 
Silicon  sealant. 
Roofing  cement. 
Contact  cement. 
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STOP-  1.   MATCH  ANSWER  SHEET  TO  THIS  FXERCISE  NUMBER. 

P..   USE  NUNJBSR  2  PENCTI,  ONLY. 

fiXTENSION  COURSE  INSTITUTE 
VOLUW:  REVIEW  EXERCISE 

OP  ?p 

.SHKKT  biKTAL  TOOLS  AND  EQUIPMENT 
Care.fu:.Iy  r.-ad  the  followin,^; 

1.  Chprk  the  "(M>'n\;v' ,  "  ''volume,"  and  "form"  numberr.  I'rom  the  an.swor 
sheet  addr-:  tab  ap/iin-it  the  "VRE  answer  sheet  identification 
number"  in  th-  righthnnd  column  of  the  shipping  list.  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECI 
iriLiied lately  '..i:h  a  not.-  of  explanation. 

2.  Note  that  itera  numbers  on  answer  sheet  are  oequential  in  each 
column. 

3-     Use  a  medium  sharp  fl2  black  lead  pencil  for  marking  answer  sheet  . 

^.  Write  the  correc^  answer  in  the  margin  at  the  left  of  the  item. 
(When  you  review  for  the  course  examination,  you  can  cover  Y^our 
answers  with  a  atrip  of  paper  and  then  check  your  review  answers 
against  your  origin.^  choices.)  After  you  are  sure  of  your  answers, 
transfer  them  to  the  an.swor  sheet.  If  you  have  to  change  an  answer 
on  the  answer  :^ihO'^^  ,  be  ^^ure  that  the  erasure  is  complete.  Use  a 
elean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if 
at  ponsibl-v. 

S.     Take  aotion  to  return  (Mitlre  answ^^r  aheet  to  ECI. 
fy.     Keep  Volume  Review  Exercir.e  booklet   for  review  and  reference. 
•  ^.Q^-l'lt^Cl^Lil    onro.ll<;MJ     st.udent,     process     questions  or  comments 

through  your  unit  trainer  or  OJT  supervisor.  If  voluntarily 
•^r'rolled  student,    iv.rid  questions  or  comments  to  ECI  on  ECI  Form  1?. 

^-  D^'^'t  Ui>e.  answot^  shoets  other  than  one  furnished  specifically  for 
•  >!^^h  review  exercise. 

Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks. 
Double  marks  or  excessive  markings  which  overflow  marking  blocks 
will  register  as  errors. 

3-     Don't  fold,   spindle,   staple,   tape,   or  mutilate  the  answer  sheet. 

^.     Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the 
VRE  is  the  Learning  Objective  Number  where  the  answer  to  that 
item  can  be  located.  When  answering  the  items  on  the  VRE,  refer 
to  the  Learning  0^l£ctives  indicated  by  these  Numbers.  The  VRE 
results  wilJ  be  sent  to  you  on  a  postcard  which  will  list  the 
asty.?:!  3i§§§^-       C-o  to  the  VRE  booklet  and  locate 

the  Learning  2^iective  iNumbers  for  the  items  missed.  Go  to  the 
text  and  carefully  review  the  areas  covered  by  these  references. 
Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 
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MULTIPLE  CHOICE 


??2^i^-t2_§ty5?Qt'     Consider  all  choices  carefully  and  select  the  best 

answer  to  each  question. 

1  .     (200)     If  tools  are  left  on  beams,   rafters,   or  Hue  ting  systems, 

a.  they  may  become  lost. 

b.  someone  could  be  injured* 

c.  they  may  fall  off  and  be  damaged- 

d.  any  of  the  above  may  occur. 

2.  (201)    Which  of  the  following  materials  would  create  a  class 
C  fire? 

a.  Electrical  motors  and  transformers. 

b.  Solium  and  magnesium. 

c.  Gasoline  and  paint. 

d.  Wood  and  trash. 

3.  (201)     Which  of  the  following  materials  would  cause  a  class  D 
fire? 

a.  Wood  and  trash. 

b.  Gasoline  and  paint. 

c.  Sodium  and  magnesium. 

d.  Electrical  motors  and  transformers. 

U.     (202)       Which  one  of  the  following  shears  is  designed  to  cut 
1f>  gage  sheet  metal? 

a.  Bench.  c.  Aviation. 

b-     Circle.  d.     Double  cutting. 

.     i'203)     When  operating  a  squaring  shear,   the  operator  can  keep 

his  or  her  hands  out  of  the  way  during  a  cutting  operation  by 
iising  the 

treadle.  c.     back  gage. 

b.  holddowns.  d.     safety  guards. 

6.     (203)     When  cutting  several  pieces  of  metal   to  the  same  dimensions, 
you  should  use 

a*     holddowns.  c.     a  side  gage, 

b.     a  back  gage.  d.     extension  arms. 
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7*     (^03)     Tho  proper  sequonce  when  making  a  nut  with  a  manually  operated 
squaring  shoar   i:^  to  .^^et  the 

a-     back  B^g^*   insert  the  raetal,   sot  the  holddown ,   and  depress 
the  treadle. 

b.     holddown,  depress  the  treadle,   set  the  back  gage,  and  insert 
t,he  metal. 

c-     holddown,    'truser't   the  metal,    set   the  hack  ^a^e ,   and  vjGprcs::; 
the  treadle, 

d.     back  ga,  •,   insert  the  metal,   depress  the  treadle,   and  set 
the  holddown. 

8.  (POM)     WVien  comparing  a  gap  squaring  shear  with  a  squaring  shear 
of  the  same  capacity,   the  gap  squaring  shear  Is 

a.  more  compact.  c.     heavier  and  larger. 

b.  less  versatile.  d.     lighter  and  smaller. 

9.  (20^)     The  advantage  of  the  gap  squaring  shear  over  the  squaring 
shear  is 

a.  that  any  cut  made  with  a  squaring  shear  can  be  made  with  a 
gap  squaring  shear. 

b.  that  more  types  of  cuts  can  be  made  by  the  gap  squaring  shear. 

c.  that  a  cub  can  be  made  that  is  longer  than  the  length  of  the 
blade . 

G.     that  all  of  the  above  are  true. 


10.     (205)     The  lower  blade  of  a  throatless  shear  is  adjusted  with 

a.  setscrews-  c.     large  Allen  head  bolts. 

b.  boltr>  and  shims,  d.     any  of  the  above. 

•1        ■:.^0S)     Which  one  of  the  following  shears  is  bes_t  suited   co  cut 
(-)Ht    a  flange  for   a  ceiling  thirable? 

ci.     Circle.  c.  Throatless. 

b.     Utility.  d.     Ring  and  circle. 

1?.     (206)     To  make  an  irregular  cut  in  an  1 8  gage  metal  duct  installed 
in  a  building ,  you  should  use 

a.  straight  out  aviation  shears. 

b.  a  throatless  design  portable  unishear. 

c.  a  stationary  unishear  which  has  an  upper  blade  positioning 
lever . 

d.  any  of  the  above. 
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(?06)  What  engjneoping  feature  allows  the  portable  unishear 
to  cut   irregular  shapes? 


a.  Throat lo.s.s  doaign. 

b.  A  floxihU^  electrical  cor-d. 

It   is  doaigned   for  right  or  left  hnnd  ofUM\Mt  ion. 
(i.     The  upper  blade  moveii  up  and  down  during  (MiM.irig. 

1^.     (?07)     Vmat  saw  blatie  pitch  on  a  cutoff  saw  1:5  used   ior  cutting 
cast  iron? 

3-     1^-  c-  2U. 

b.     i8,  d,  28. 

15.  (207)     If  a  portable  power  saw  jerks  forward  during  a  cut,  the 

a.  blade  pitch  is  too  fine. 

b.  blade  pitch  is  too  coarse. 

c.  work  rest  is  not  5 n  contact  with  the  material  being  cut. 

d.  speed  of  the  power  saw  is  too  slow  and  the  blade  is  installed 
incorrectly. 

16.  (208)     Cutting  oil   is  used  on  power  hacksaws  and  power  cutoff 
saws  to  provide 

a.  longer  blade   life.  c.     longer  life  of  the  siw. 

b.  improved  performance.  d.     all  of  the  above. 

17.  (209)     When  cutting  metal  or  nonmetalic  material  on  an  upright 
handsaw,   the  quality  and  precision  of  the  work  is  controlled  by 
the 

a.  knowledge  and  skill  of  the  operator. 

b.  pitch  of  the  blade  atid  blade  velocity. 

c.  feed  pressure  and  thickness  of  the  blade. 

d.  tension  of  the  blade  and  shape  of  the  inserts. 

T-K  To  repair  an  upright  bandsaw  that  has  a  broken  saw  band, 

vou 

a.  must  replace  the  saw  band. 

b.  use  a  resistanv-^e  type  spot  welder. 

c.  use  the  upright  band  saw  butt  welder. 

d.  wt»ld   the  saw  band  at  th*^*  bai^e  welding  shop* 

19.     (;M0)      ri-io  blocks  or  an  upright  bandsaw  are  used  to 

a.  keep  the  blade   in  track. 

b.  control   the  variable  speed  unit. 

c.  hold  t\\o,  inserts  and  thrust  roller. 

d.  hold  the  material  being  cut  straight. 
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(P10)  Th»^  .st-eps  reniulred  in  "setting  ».p**  an  upright  bandsaw 
to  out  with  a  ditT(^rent  width  blade  aro 


a,  Lo  rotate  the  wheels  by  hand  until   the  blade  tracks  and  adjust 
the  tension. 

b.  to  install  correctly  the  proper  inserts  and  open  the  upper 
and  lower  aooess  doors. 

c«     to  remove  the  filler  plate  and  place  the  sawband  over  the 

upper  and   lower  wheels, 
d.     to  do  al 1   of  the  above. 

(?10)     Bofc^r^^  nhiftiug  an  upright  bandsaw  transmission  from  "low" 
to  '"high",   you  must 

a.  turn  the  machine  "off."  c.     slow  the  speed  to  100  FPM. 

b.  slow  the  speed  to  50  FPM.       d.     do  all  of  the  above. 

(211)     When  welding  saw  bands  of  different  widths  using  a  butt 
welder,   it  is  necessary 

a.  to  increase  line  voltage. 

b.  to  decrease   line  voltage, 

c.  to  adjust  the  tension  control. 

d.  to  trim  the  wider  band  to  fit. 

{?^^)     T\\o  nt^xt  step  after  welding  a  saw  band  is 

a.  oooJiug.  c,  grinding. 

b.  clamping.  d.  annealing. 

{:m:M     W\:iL  rvl/p  electric  drill    is  recommended  for  drilling  with 
a    1    S/8-inch  nolo  saw? 

a.  1/U-inch.  c.  1/2-inch. 
^•8-inch.  d.     1  1/2-inch. 

(?13)     In  an  area  where  other  type  files  will  not  fit,   the  type 
of  file  that  should  be  used  to  remove  burrs  and  sharp  edges  from 
a  dining  hall  hood  is  a 

a«     f lat ,     ingle  cut .  c.     half  round ,  double  cut . 

b.  I  ,    '  inglo  cut.  d.     triangular,  double  cut* 

i?.^3)     What  type  file  should  be  used  where  a  rougj;  finish  is 
permissible  and  a  fast  cut  is  desirable? 

a.  Double  cut.  c.     Single  cut. 

b.  Second  cut.  d.     Deep  cut. 
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?7.     (21*4)     The  proper  angle  to  grind  a  cold  chisel  is 


a.  57^  to  58^,  c-     60^  to  70^. 

b.  to  60^.  d.     70^  to  79^. 

28 •     (214)     On  a  grinder,  the  maximum  distance  the  tool  i^est  can  be 
from  the  wheel  is 

a.  1/l6-inch.  1/4-inch. 

b.  1/8-inch.  d.  1/2-inch. 

29.     (215)     Which  one  of  the  following  reflects  the  largest  size  twist 
drill? 

a.  A,  c.  15/64". 

b .  1  .  d .     Z . 

iO.      (.^1S)     What    1  i  [)  angle  shotild  be  uned  when  drillirig  t)ra3S  or  bronze? 

a.  30^  to  40^.  c.     50^  to  60'\ 

b.  40^  to  50^.  d.     60^  to  70^. 

31.  (21i>)     If  a  twist  drill  bit  breaks  when  you  are  drilling  a  hole 
through  cold  rolled  steel,  you  should 

a.  stop  drilling- 

b.  decrease  the  pressure  and  stop  the  drill. 

c.  increase  the  pressure  and  continue  to  drill* 
d-  decrease  the  pressure  and  continue  to  drill. 

32.  (216)     Masonry  drills  are  used  when  drilling  holes  in 

a.  brick  and  metal. 

b.  concrete  and  hardwood, 
ccncrete,  brick,   and  metal. 

d.  rinder  block,  concrete,  and  brick. 

Hand  drills  are  used 

a.  where  there  is  no  electric  power. 

b.  when  there  are  only  two  or  three  holes  to  be  drilled. 

c.  when  it  would  require  more  time  to  get  electric  power  to  the 
site  than  to  drill    the  hole3  with  a  hand  drill. 

d.  in  any  ^'f*  the  above  instances. 

34.     (217)     Using  a  slightly  bent  twist  drill  will   result  in 

a.  wobbling.  c.     enlarged  holes. 

b.  scratching.  d.     damaged  threads. 
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(?18)     n<^rorM^  drilling  a  holo  with  n  drill    pr(v^n.    you  should 


a.  adjust  the  work  table. 

b.  .«^ecuro  tho   item  to  be  dt^illf>d. 

o.  oontor  punch  tho   1  torn  where   the  h(>lo    i.s   to  be  drilled, 

d.  do  all    of  th(^  above. 

36.     (*^18)     Which  one  of  the  following  should  never  be  left   in  its 
working  ponitioti  on  a  drill  press? 

a.  Chuek  key.  e.     Feed  handle. 

b.  Boxt  guard.  d.     Working  table. 

?7.     (218)     To  adjust  the  spindle  speed  on  a  drill  press,   shift  the 

a.  V~belt  on  the  motor. 

b.  V~belt  on  the  spindle. 

c.  transmission  to  a  lower  gear. 

d.  V~belt  on  the  motor  and  spindle. 

38.     (219)     To  locate  the  vertex  of  a  radial  line  layout,  use  a 

a.  pin  punch.  c.     prick  punch. 

b.  drift  punch.  d.     center  punch. 

-,9.     (?19)  To   r^(Mnove  a  S/3?-inch  pin   from  a  shaft,  you  should  use 
.1 

n-     pin  punch.  e.     Whitney  punch. 

b.  drift  punch.  d.     starting  punch. 

he.  What  two  punches  have  interchangeable  dies? 

a.  T'le  rotary  punch  and  the  di^ift  punch. 

'3.  The  rotary  punch  and  the  Whitney  punch. 

c.  The  hand   lever  punch  and  the  hollow  punch. 

d.  The  hand  lever  punch  and  the  Whitney  punch. 

(?20)     The  diameter  of  each  rotary  punch  is  indicated  on  the 

a.  l-^wpf  turret  body.  c.     front  of  the  dieholder. 

b.  .     upper  turret  body.  d.     right  side  of  each  punch. 

^IP.     (?2?0)     During  preventive  maintenance  inspections,   the  punches 

in  a  rotary  puneh  are  raised  and   lowered  in  their  respective  dies 

a .  to  ensure  that  the  punches  move  freely . 

b.  to  check  for  proper  alignment. 

c.  to  inspect  for  cleanliness. 

d.  to  do  all  of  the  above. 
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(??0)  The  shank  dlameti?r  of  a  5/8- inch  oonioal  rotary  file 
is 


a.  1/i4-.inch.  ^/{Uinch. 

b.  3/ 16- inch.  ^1-  S/8-inoh. 

(221)  When  compared  with  most  other  rivets,  the  head  on  a  tinner' 
rivet  is 

a.  larger.  c.  smaller. 

b.  thicker.  thinner. 

(221)     What  size  of  tinner's  rivet  should  you  use  when  making 

a  double  row  riveted  lap  joint  on  16  gage  sheet  metal? 

a.  2  lb.  c.     3  lb. 

b.  2.5  lb.  d.     ^  lb. 

(221)     What  type  of  a  rivet  is  most  suited  to  areas  where  the 
use  of  a  bucking  bar  is  difficult  or  impossible? 

a.  Blind  rivet..  c-     Aluminum  rivet- 

b.  Monel   rivet.  Tinner's  rivet. 

(221)  The  rivet   that  has  a  long,   slim  r,lem  protruding  upward 
from  the  rivet  head  is  a 

a.  Ntonel  rivet,  c.     tubular  rivet. 

b.  blind  rivet.  tinner's  rivet. 

(222)  Which  of  the  following  is  the  first  step  taken  to  install 
a  tinner's  rivet  after  the  rivet  is  placed  in  the  hole? 

.1.     Bucking  the  rivet.  c.     Setting  the  rivet, 

b.     H-ading  the-  rivet.  d.     Upsetting  the  rivet. 

(???)     What  tools  are  needed  to  properly  install  a  solid  rivet? 

a.  Hammer,   rivet  set,   and  a  backing  surface. 

b.  Hammer f   a  backing  surface,   and  drift  punch. 

c.  Rivet  set,  backing  surface,   and  oleco, 

d.  Hamme^r,   rivet  r,et,   and  cleco. 

(222)  When  solid  rivets  are  installed  in  ligh^  ga^e  sheet  metal 
without  first  drilling  or  punching  holes,   it  is  called 

a.  driving  rivets.  c       upsetting  rivets. 

b.  drawing  rivets.  d.     transverse  riveting. 
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{???)  When  romoving  a  rivet  (solid  or  blind),  you  .should  drill 
on  the 


d. 


a. 
b. 


c . 


driven  head. 

shop-made  head . 

manufactured  head . 

head  that   i,s  easiest  to  rea<^h. 


{??'^)  What  typo  of  fastener  is  rocommonded  for 
metal    i  t,emn  which  may  later  be  d  1  ssassembl ed? 


on 


aheet 


b. 


a . 


St.ovo  bol  ts , 
B  1  i  iid  r  i  vet3  . 


d. 


c . 


Machine  aorewi^. 
Sheet  metal  screwji . 


5^, 


57. 


(223)     Squaro  nuta  can  be  tightened  with  open  end  or  adjustable 
wrenches.     To  get  a  tighter  fit  and  reduce  the  chance  of  rounding 
the  corners  of  the  nut,   what  tools  does  the  text  recommend  be 
used  to  tighten  a  hex  head  nut? 

a.  Open  or  box  end  wrench.  c.     Open  end  or  adjustable  wrench 

b.  Box  end  or  socket  wrench.       d.     Socket  or  adjustable  wrench. 

{22k)     To  dress  and  strengthen  corners  on  sheet  metal  assemblies 
that  have  been  notched  or  damaged,   the  item  to  use  is  a 

a.  clip.  c.  brace. 

b.  cleat.  d.  fascia. 

{?2M)     Which  itoms  are  used  to  aupport  level  heating  and  air 
cond  i  1 1  on i  ng  duo  ta? 

a.  Clipa.  c.     Hangers • 

b.  Cleats.  d.  Brackets. 

(22^)     When  uned  to  fasten  sheet  metal  components  and  assemblies, 
purpose  of  braces  is 

a.  to  level  small  duct  systems. 

b.  to  level  large  duct  systems. 

c.  to  support  and  strengthen  large  ducts. 

d.  to  hold  rain  gutters  and  leaders  in  place. 

(225)     VJhat  Jo  the  difference  between  direct  and  indirect  acting 
powder  actuated  tools? 

a.  The  direct  acting  is  designed  for  light  duty  work. 

b.  The  indirect  acting  is  designed  for  heavy  duty  work. 

c.  The  direct  acting  uses  a  piston  driven  by  the  powder  charge 
to  set  the  fastener. 

d.  The  indirect  acting  uses  a  piston  driven  by  the  powder  charge 
to  set  the  fastener. 
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(225)     Who  is  authorized  to  use  a  powder  actuated  tool? 


a.  Only  shop  supervisors. 

b.  Only  5  and  7  level  airmon. 

c.  Only  trained  qualified  operator::! - 

d.  Only  those  personnel  assigned  to  fhc  specific    job  order. 

59.  (225)     How  should  a  test  fa.stenin/5  be  made  with  .    i  owder  actuated 
tool? 

a.  Use  a  powder  load  one-half  the  fastener  weight. 

b.  Use  a  powder  load  equal   to  the  fastener  weight. 

b.     Use  the  highest  powder  load  recommended  for  the  tool, 
d.     Use  the  lowest  powder  load  recommendc^d  I'or  the  tool. 

60.  (226)     The  bar  folder  is  adjusted  for  different  thicknesses 
of  material  by  adjusting  the 

a.  wing  pressure  screws.  c.     wedge  knob. 

b.  stop  collar.  d.     gage  screw. 

61.  (226)     To  make  numerous  bends  of  60^  on  a  bar  folder,  you  should 
set  the 

R        nor*  w.  o.     collar  3t(  p, 

b,     wedge  knob.  d.     wing  pressur'<^  .screws. 

62.  (227)     See  text  figure  3-2.     When  more  tension  is  put  on  adjusting 
bolt  number  7  on  a  cornice  brake,   the  center  of  the 

a.  bed  will  drop.  c.     bending  leaf  will  drop. 

b.  bed  will   raise.  d.     bending  leaf  will  raise. 

63.  (227)     See  text  figure  3-2.     On  a  cornice  brake,    if  the  clamping 
handle  is  pushed  back  and  the  leaf  fails  to  raise,   which  of  the 
adjusting  screws  lihould  you  tighten? 

a.     RB.  c.     EE  and  FF. 

h.     tuE.  d.     P  and  M. 

64.  (?27)     The  "fingers"  of  a  box  and  pan  brake  can  be  removed 

a.  to  allow  bends  on  four  sides  of  an  item. 

b.  to  allow  bends  of  90  dotj^rees  or  more, 
o.  to  mak'^  K  po,':sit)Le  to  form  off-sets, 
d.  t.o  do  of  thie  above. 

65 .  (228 )     The  front  roller  on  a  slip  roll  forming  machine  is  adjusted 

a.  to  obtain  the  desired  radius. 

b.  to  remove  the  f ormed  cylinder . 

c.  to  fit  the  thickness  of  the  metal  being  formed. 

d.  to  do  all  of  the  above. 
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(??9)     Which  one  of  the  following  machines  is  used  to  tighten 
edges  prior  to  double  seaming? 

a.  T>jrning.  c.     Setting  down. 

b.  Crimping.  d.     Rotary  burring. 

Which  oV  \^^r   fMllowln/?;  r-ohary  m.K^hinoM   In  u:uMi   \n  make 
orio  nt)(\  nV  n   f^lpf   J^^int.   nma  1  1  or  than   the  other  end? 

a.  Burring,  Crimping, 

b.  Turning.  d.     Setting  down. 

(230)     What  hammer  should  be  used  to  drive  rivets,  punches,  and 
chisels? 

a.  Raising.  c.  Planishing, 

b.  Ball  peen.  d.     Tinner^s  setting, 

(230 )  A  vise  is  normally  used  in  a  sheet  metal  shop  to 

a.  hold  n?terial.  c.     form  material. 

b.  bend  material.  d,     do  all  of  the  above. 

(?30)     Mallets  are  used  to  form 

n.     wire  edge^,  c.     copper  or  aluminum, 

b.     Krooved  seam^;.  d.     all  of  the  above, 

(231)  What  i.s  the  normal  seam  allowance  for  a  Pittsburg  seam? 

a.  1  inch.  c.  11/4  inches. 
^-     1    1/8  inches.  d.     1   5/l6  inches. 

('r''-'^.     Bfinch  plate  and  stakes  are  used  to 

*■  metal  parts.  c.     seam  metal  components, 

install   solid  rivets,  d.     do  all  of  the  above. 

(2"^?)  To  shape  a  funnel  spout  or  wire  for  the  top  of  a  rectangle 
[)an,  you  should  use  a 

;i.     creasing  stake.  c.       c-^dlecase  stake. 

b.  blowhor-^.  st;-.ke.  d.     hoMow  mandrel  stake. 

(232)  To  seam  the  bottom  of  a  metal  cup,   use  a 

a,  bench  plate  and  bottom  stake. 

b,  hollow  mandrel  stake  and  hand  dolly. 

c,  bench  plate  and  double-seaming  stake. 

d,  double-seaming  stake  and  hollow  mandrel. 
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(?33)     To  make  a  npot  weld,  you  nnst 

a.  place  the  mater-ial  in  between  the     I  ec  trocies . 

b.  apply  pressure  to  the       ectrodrr. . 

c.  energize  the  transformer, 
c^.  do  all  of  the  above. 

(233)     The  heat  between  the  electrodes  of  a  spot  welder  is  produced 

by  the 

a.  110--volt  current.  c.     in-put  electrical  power. 

b.  energized  transformer.  d.     pressure  between  electrodes. 

(23^)     How  many  machine  controls  are  involved  in  setting  up  a 
spot  welder? 

a*  c.  6. 

^-     ^.  d.  7. 

(23^0     r.urLng  ;t  npot  weld  operation,   molten  metal   is  forced  out 
from  unnc>r  t,hH  electrode  tips.     To  correct  thifi,   reduce  the 

a-     hold  time.  c.     air  pressure. 

b-     weld  time.  d.     electric  current. 

(235)     The  electrode  on  a  spot  welder  must  have 

a.  greater  strength  to  resist  over  heating. 

b.  lower  conductivity  to  avoid  over  heating. 

c.  higher  conductivity  than  the  metal  being  welded. 

d.  alloys  of  the  same  base  metal  as  the  metal  being  welded. 

(235)  Spot  weld  electrodes  are  dressed  with  a 

a.     mill   file  and  sandpaper. 

mill   file  and  emery  cloth, 
second  cut  file  and  sandpaper, 
sroond  cut  filp  and  emery  cloth. 

(236)  To  choose  the  correct  electrodes  for  a  welding  job  of 
dissimilar  metals,  a  key  factor  is  the 

a.  size  and  alloy  of  the  electrode. 

b.  alloy  of  the  metal  being  welded, 
c-     size  rC  the  electrode. 

d.     thickness  of  the  job. 

(237)  What  constitutes  foreign  material  in  a  spot  weld  joint? 

a.  Compatible  metals. 

b.  Dissimilar'  metals. 

o.     Material  that  aids  the  weld, 
d.     Material  that  hinders  the  weld. 
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fM.     (:M7)     To  remove  rur>t. ,   paint,   corrosion,   or  dn-t   from  metal  prior 
t.o  npot  welding,  you  should  use 

a.  a  scraper,    file,   or  grinder. 

b.  a  piece  of  scrap  metal. 
r>o.lv(?nt  or  thinner. 

ri.     a  sand  blaster. 

(?38)     To  test  a  spot  weld  by  tue  peel  method,   the  test  pieces 
are 

a.  separated  frora  the  loose  ends  first. 

b.  forced  together  from  the  loose  ends, 
o-     forced   together  like  metal  shears, 
d.     .separ*ated   like  metal  shears. 

8'>.     (P.39)     The  size  of  electric  soldering  coppers  (irons)   is  determined 

by 

a.  amps.  c.  pounds. 

b.  watts.  d.  diameter. 

86.     (?J\0)     Which  of  the  following  soldering  copper  heaters  uses  unleaded 
ga soline? 

a.  Tinner's  furnace.  c.     Firepot  and  blowtorch. 

b.  Propane  tinner '3  furnace.       d.     Firepot  and  tinner's  furnace. 

C  "^O     To  care  for  and  shape  a  soldering  copper  by  forging,  the 
f  i  T^nt  step  is 

a-      »  >  tin   the  copper  with  solder. 

to  r-'i^move  the  scale  and  smooth  the  surfaces. 
!-nh  a  hot  copper  on  a  block  of  sal  ammoniac. 
•  ..  .L'J  the  copper  on  a  forge  and  hit  with  a  hammer. 

<^  ' '     t.'^'n)     iftfhat  is  used  to  remove  the  oxide  while  tinning  a  soldering 
c*  )^>per? 

a.     File.  c.     Wire  brush, 

b-     Clean  rag.  d.     Sal  ammoniac. 

89.     (2^2)     What  is  used  to  remove  burrs  and  some  oxides  from  a  joint 
or  seam  to  be  tinner? 

a.  Flux.  c.  A  copper. 

b.  A  file.  d.  A  grinder. 
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90.  (2H2)     The  tinning  step  of  a  soldered  Joint  is  performed  with 

a.  solder,  c.     a  heated  copper. 

b.  soldering  flux.  d.     all  of  the  above. 

91.  (^?^3)     A  good  technique  uned   in  soldering  l^j   to  hake  advantage 
of  the  characteristic  that,  solder  flows 

a.  toward   flux.  away  from  heat. 

b.  toward  heat.  d-     away  from  flux. 

92.  (2^3)     To  sweat  a  solder  joint,  you  heat  the 

a.  joint  and  then  apply  solder. 

b.  joint  only  enough  to  melt  the  solder, 
o.  joint  until  the  solder  flows  evenly, 
d*  solder  and  then  apply  it  to  the  joint. 

93.  (2M3)     A  60/40  solder  blend  consists  of 

a.  60%  tin  and  40%  lead.  c.     60%  zinc  and  40$  lead. 

b.  60$  lead  and  40$  tin.  d.     60$  lead  and  40$  zinc. 

9^.     (.?44)     How  can  you  prevent  damage  to  a  hydrocarbon  torch  regulator? 

a.  Turn  it  elockwise  before  opening  the  tank  valve. 

b.  Turn  it  counterclockwise  before  opening  the  tank  valve. 

c.  Turn  it  counterclockwise  after  opening  the  tank  valve. 

d.  Turn  it  clockwise  after  opening  the  tank  valve. 

95.  (245)     The  main  difficulty  in  soldering  aluminum  alloys  is  the 

c.  oxide. 

d.  magnesium  content. 

96.  (245)     Which  of  the  following  alloys  is  recominended  to  solder 
aluminum? 

a.  Tin  and  zinc.  c.     Cadmium  and  lead. 

b.  Zinc  and  lead.  d.     Tin  and  lead  60/40  solder. 

97.  (246)     If  you  spill   corrosive  flux  on  yournelf  or  someone  else, 
you  nhcM'ld 

a.  wipe   it  up  with  a  clean  rag. 

b.  wash  it  off  if  it  begins  to  burn. 

e*     wash   it  off  with  an  abundance  of  water. 

d.     cover  it  with  baking  soda  to  neutralize  it. 


a.  heat. 

b.  flux. 
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(2^46)  After  a  blowtorch  has  been  filled  with  unleaded  gaaoline, 
it  should  be  ignited  only  if 


a.  the  colls  are  hot. 

h.  th(»  aroa    In   unvont,  i  1  a t  rrl . 

o.  t.h<»rn    i:;  a(i<u]uati»  vriit  llation. 

d.  there   i.M  gasoline  in  the  priming  tank. 

99.  (?^I7)     What  is  used  to  hold  insulation  on  a  metal  duct? 

a.  Cement.  c.     Pressure  sensitive  tape. 

b.  Adhesive.  d.     All  of  the  above. 

100.  (2^7)     Three  types  of  sealers  used  in  metal  buildings,  doors, 
window  facings,    joints  and  seams  of  ducts  are 

a.  tape,   cement,   and  sealants. 

h.  tape,  cement,  and  adhesive. 

o.  tape,   adhesive,   and  insulators. 

d.  cement,   adhesive,   and  insulators. 

101.  (248)     To  attach  such  things  as  insulation  *.o  a  duct,  you  should 
use 

a.  contact  cement.  c.     silicone  sealant. 

b.  roofing  cement.  d.     rubber-to-metal  cement. 

10?.     (2i^8)     A  paste-like  item  that  is  used  to  seal  just  about  any 
(-ilean  dry  surface  and  dispensed  in  convenient  tube  form  is 

a.     a  calking  compound.  c.     a  plastic  roofing  cement, 

h.     a  silicone  sealant.  d.     an  asphalt  roofing  cement. 

END  OF  EXERCISE 
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Preface 


THIS  VOL,UME  covers  duct  systems  all  the  way  from  layout  to  installation.  Chapter  1 
covers  blueprints,  drawings,  and  layout  methods.  There  also  is  a  short  section  on 
structural  steel  layout.  Chapters  2  and  3  deal  with  seams,  joint  connections,  and  airflow 
control  devices.  Chapter  4  covers  planning,  layout,  fabrication,  and  installation  of  duct 
system  components.  Chapter  5  explains  stacks  and  ventilators. 

Foldouts  1  and  2  arc  printed  and  bound  in  the  back  of  the  volume. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only  and 
should  be  of  no  concern  to  the  student. 

Direct  your  comments  relating  to  the  accuracy  or  currency  of  this  volume  to  the  course 
author:  3770  TCHTG/TTGIC,  ATTN:  MSgt  Ringstad,  Sheppard  AFB  TX  76311.  If  you 
need  an  immediate  response,  call  the  author,  AUTO  VON  736-2879,  between  0700  and 
1600  (CST),  Monday  through  Friday.  (NOTE:Do  not  use  the  suggestion  program  to 
submit  changes  or  corrections  for  this  course,) 

If  you  have  questions  on  course  enrollment  or  administration,  or  any  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer! 
training  officer,  or  NCO,  as  appropriate.  If  this  person  can't  answer  your  questions,  send 
them  to  ECI,  Gunter  APS  AL  36118,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  33  hours  (11  points). 

Material  in  this  volume  is  technically  accurate,  adequate  and  current  as  of  July  1982. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learning  Objectives.  Each  of  these 
carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that  follows  the 
objective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following  the  information  give 
you  a  check  on  your  achievement.  When  you  complete  them,  see  whether  your  answers  match  those  in  the 
back  of  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text. 


Drawings  and  Layout 


IN  THIS  SECTION  you  will  learn  the  types  of  drawings 
and  what  they  tell  you.  Blueprints  are  special  instructions  to 
you,  the  worker.  But  if  you  cannot  read  them,  they  might  as 
well  be  in  a  foreign  language.  Let's  take  the  first  step  and 
then  the  jump. 

1  »1 .  Types  of  Drawings 


Working  drawings,  sometimes  called  plans  or  blueprints, 
are  used  by  workers  in  all  crafts  and  trades,  such  as 
carpenters,  electricians,  and  metal  fabrication  specialists. 
The  lines  and  symbols  used  on  working  drawings  may  be 
compared  with  the  lines  and  symbols  used  on  roadmaps, 
where  different  kinds  of  lines  indicate  the  types  of  roads  and 
where  symbols  identify  the  roads  as  Federal,  State,  or 
county.  Other  symbols  identify  state  capitols,  county  seats, 
airports,  ferries,  etc.  Maps  also  show  the  distances  between 
towns  and  cities  and  their  size. 

The  working  drawings  that  you  will  be  using  can  be 
compared  with  roadmaps,  too,  since  they  also  contain  solid 
and  dashed  lines  that  outline  objects  and  show  routings, 
symbols  that  abbreviate  and  identify  components,  and 
dimensions  that  show  the  distanct  between  components 
and  how  large  they  are. 

The  symbols  and  instructions  contained  on  working 
drawings  must  be  followed  carefully  if  a  component  is  to  be 
properly  fabricated  and  installed.  For  example,  suppose  you 
have  made  the  duct  work  for  a  heating  system  but  another 
person  has  failed  to  adhere  to  specified  dimensions  for  the 
opening  in  the  wall  through  which  the  ducts  must  run. 
Because  of  his  failure  to  follow  instructions  in  the  working 
drawings,  the  ducts  cannot  be  installed  without  additional 
expense  and  delay.  Remember,  then,  that  careful  adherence 
to  the  plans  is  very  important. 

In  this  section,  we  discuss  the  use  and  interpretation  of 
lines,  symbols,  dimensions,  specifications,  and  notes  used 
in  working  drawings.  These  subjects  are  according  to  your 
specialty  training  standard  that  states  that  you  interpret 
drawings  and  sketches  of  sheet  metal  assemblies.  Tlie 
knowledge  you  gain  from  this  section  can  be  used  every 
time  you  develop  patterns,  fabricate  components,  or  install 
components. 


400.  Specify  requested  drawings  and  views,  and  identify 
each  by  its  characteristics. 

Drawings  that  you  use  will  convey  ideas  concerning  the 
fabrication,  assembly,  and  installation  of  sheet  metal 
components.  From  a  working  drawing,  you  can  learn  what 
the  architect  or  engineer  intends  for  you  to  build.  The 
drawings  will  be  duplicates  made  by  photographic 
reproduction  processes,  such  as  blueprints  or  ammonia- 
developed  oxalid  prints.  These  prints  will  be  approximately 
30"  X  40"  in  size.  In  the  following  paragraphs,  we  explain 
some  of  the  types  of  views  and  drawings  the  draftsman  uses 
to  graphically  describe  the  jobs  you  i:re  to  perform. 

Pictorial  and  Orthographic  Proj\<Jction  Drawings.  In 
figure  1-1,  you  can  see  the  relations  of  pictorial  and 
orthographic  projection  drawings.  A  pictorial  drawing  is  so 
called  because  it  is  similar  to  a  picture. 

The  three  rectangles  marked  **top,"  **side,"  and 
**front"  are  called  orthographic  projections  and  show  the 
true  size  of  each  side  of  the  rectangular  prism.  Two  or  more 
/iews  of  orthographic  projections  are  usually  at  right  angles 
to  each  other  and  perpendicular  to  the  plane  of  projection. 
Notice  how  the  top,  front,  and  side  have  been  projected  so 
that  each  resembles  a  rectangular  plane.  In  Uie  pictorial 
view,  it  appears  that  the  angles  at  the  four  romers  aie  not 
equal,  whereas  in  the  projection  views  wc  can  see  that  .\11  of 
the  angles  are  equal.  Pictorial  drawings  always  show  the 
features  of  an  object  in  a  somewhat  distorted  way  and  are 
used  only  to  a  limited  extent  in  working  drawings,  but  they 
are  used  extensively  in  the  shop  and  are  easy  to  interpret 
with  little  training.  Keep  in  mind  when  using  pictorial 
drawings  that  care  must  be  taken  in  using  the  measurements 
that  are  listed  and  not  go  by  their  appearance.  Orthographic 
projection  drawings,  on  the  other  hand,  have  the  advantage 
of  showing  all  the  features  in  their  true  shapes. 

In  orthographic  projection  drawings,  such  as  that 
illustrated  in  figure  1-1,  three  views  of  the  object  are 
shown.  This  is  done  to  show  you  the  three  main 
dimensions — length,  width,  and  thickness.  The 
orthographic  projection  showing  the  top  is  called  the  top  or 
plan  view.  It  shows  the  part  that  would  be  seen  if  you  were 
standing  directly  over  the  object  and  looking  down  at  it. 
The  orthographic  projection  showing  the  front  is  called  the 
front  or  elevation  view.  It  shows  the  part  of  the  object  that 
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Figure  1-1,  Pictorial  and  orthographic  projection  drawing. 

would  be  seen  if  you  were  standing  directly  in  front  of  the 
object  and  looking  squarely  at  it.  The  orthographic 
projection  of  the  end  is  used  to  show  the  distance  from  the 
front  to  the  back.  It  is  also  an  elevation  view  and  shows  the 
part  of  the  object  seen  if  you  were  standing  at  the  end  and 
looking  squarely  at  the  object.  As  you  can  see,  in  simple 
orthographic  projections  of  regular  sh^^pcs  like  this,  the  end 
view  is  not  important  because  all  iS  are  obtainable 

from  the  top  and  front  view. 

Curved  surfaces  do  not  alwa>.,  look  curved  in  an 
orthographic  projection  because  you  are  looking  at  the  top, 
bottom,  or  side  of  an  object  90°  to  the  surface.  In  a  pictorial 
drawing,  you  can  see  that  the  edges  are  curved;  but  in  an 
orthographic  projection,  you  see  the  surface  broadside,  and 
it  appears  flat.  The  example  shown  in  figure  1-2  is  a  top- 
view  orthographic  drawing  of  a  cone.  Although  you  know 
that  the  side  of  a  cone  is  curved,  you  cannot  see  the 
curvature  in  the  drawing.  However,  from  the  accompanying 
plan  view,  you  can  see  that  the  base  of  the  elevation  view  is 
circular.  It  is  a  good  idea  to  keep  in  mind  that  lines  in 
orthographic  projections  are  not  curved  but  may  indicate  a 
curved  surface,  and  it  is  up  to  you  to  determine  the 
curvature  from  one  of  the  other  views. 

Types  of  Views.  Working  drawings  will  provide  you 
with  sufficient  information  to  develop  patterns  and 
fabricate,  assemble,  and  install  the  components 
represented.  This  includes  such  information  as  size  and 
shape  of  the  components  and  how  they  are  installed. 
Working  drawings  usually  are  divided  into  three  general 
classes — detail  drawings,  assembly  drawings,  and 
installation  drawings;  however,  in  sheet  metal  drawings, 
these  classes  are  combined  into  plan  views,  elevation 
views,  and  detail  views. 

Plan  views.  In  this  section,  we  already  have  mentioned 
plan  views  and  have  used  two  figures  to  illustrate  them.  In 
the  orthographic  projections  shown  in  figures  1-1  and  1-2, 
tlie  plan  views  show  the  objects  as  they  would  be  seen  if  you 
were  standing  directly  over  them  and  looking  down.  This 
also  is  true  of  an  architectural  drawing,  where  the  plan  view 
is  an  overhead  view  of  the  floor  plan,  as  shown  in  figure  1- 
3.  In  this  plan  view,  you  can  see  how  a  heating  system  is 
installed. 
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A  plan  view  such  as  that  illustrated  in  figure  1-3  includes 
much  of  the  information  necessary  for  installation  of 
components  or  assemblies  in  a  building.  It  shows  the 
dimensions  necessary  for  locating  the  parts  with  relation  to 
other  parts,  and  it  shows  room  dimensions  that  are  helpful 
in  the  various  layout  and  installation  problems.  Notice,  in 
the  illustration,  such  information  as  the  overaH  appearance 
of  the  installed  duct  system,  the  size  and  shape  of  the  duct 
pieces,  the  room  dimensions,  the  grill  locations,  the 
direction  of  airflow,  and  the  location  of  underfloor  return 
ducts.  Now  that  you  have  looked  over  the  drawing  of  the 
duct  system,  you  probably  are  wondering  about  the  symbols 
and  different  kinds  of  lines  used.  Later  in  this  section,  we 
will  discuss  lines  and  symbols;  however,  at  this  point  it  is 
more  important  that  you  learn  about  plan,  elevation,  and 
detail  views. 

Elevation  views.  In  figures  1-1  and  1-2,  two  simple 
elevation  views  are  illustrated.  Now,  in  figure  1-4,  you  can 
see  the  elevation  view  of  a  furnace  and  supply  trunk.  Notice 
that  this  side  view  contains  information  that  cannot  be 
shown  in  a  plan  view.  From  elevation  views  of  this  type. 


Figure  1-2,  Orthographic  projections  of  a  cone. 
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Figure  1-3,  Plan  view  of  a  duel  installation. 
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Figure  1-4,  Elevation  view, 
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you  also  can  determine  vertical  dimensions  and  distances 
needed  for  pattern  layout,  fabrication,  and  installation.  In 
sheet  metal  work,  elevation  views  similar  to  this  often  are 
contained  on  the  same  working  drawings  as  the  plan  views. 

Detail  views.  Detail  views  often  show  small  parts  that 
cannot  be  seen  clearly  in  the  plan  and  elevation  views.  For 
example,  the  detail  view  shown  in  figure  1-5  illustrates  the 
use  of  a  cloth  connector  and  methods  of  making  the 
connection.  This  cloth  connector  is  used  to  prevent  furnace 
noise  from  being  transmitted  through  the  duct  system.  You 
will  find  detail  views  similar  to  these  included  with  most 
plan  and  elevation  drawings  that  include  descriptions  such 
as  size,  specifications,  shape,  materials,  and  methods  of 
fabrication. 


3.   What  view  contains  vertical  dimensions? 


4.   What  is  the  advantage  of  pictorial  drawings. 


5.   What  view  is  an  overhead  view? 


6.   What  view  shows  small  items  greatly  enlarged? 


Exercises  (400): 

1 .  List  two  types  of  drawings  and  three  types  of  views. 


7,  Why  do  orthographic  projection  drawings  show  three 
views  of  an  object? 


The  true  size  of  all  sides  of  an  item  are  shown  in  which 
drawing? 


8.   What  are  the  three  classes  of  sheet  metal  working 
drawings? 


DO  NOT  PULL  ASBESTOS  CLOTH  TIGHT 


USE  OF  ASBESTOS  CLOTH  CONNECTOR 


METHODS  OF  MAKING 
 CONNECTION 
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Figure  1-5.  Detail  view  of  a  duct. 
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401.  List  dimensioning  terms  used  on  working  drawings, 
and  state  the  procedures  for  indicating  dimensions  on 
drawings. 

Descriptive  Terms  and  Dimensions.  In  this  section,  we 
discuss  dimensioning  terms,  use  of  lines,  dimensions,  and 
scale  measurements  that  are  applicable  to  working  drawings 
of  sheet  metal  components. 

Dimensioning  Terms.  Later  in  thib  text,  we  will  review 
how  to  measure  with  graduated  scales  using  whole 
numbers,  fractions,  and  decimals.  First,  let's  see  how 
measurements,  or  dimensions  as  we  will  call  them,  are  used 
on  working  drawings.  To  accurately  understand  the 
dimensions  of  an  object,  it  is  necessary  that  ycu  raid  the 
person  making  the  draft  follow  the  same  definition  of 
terms — length,  width,  height,  etc. 

Length,  This  term  usually  refers  to  the  greatest  dimension 
of  an  object  or  the  greatest  dimension  of  any  part  of  the 
object  being  described.  For  example,  figure  1-6  shows  a 
board  to  which  a  cleat  has  been  attached.  We  speak  of  the 
board  as  being  24  inches  in  length  and,  at  the  same  time,  of 
the  cleat  as  being  18  inches  in  length.  In  both  cases,  the 
length  is  the  greatest  dimension  of  the  object. 

Width,  The  term  **v/idth"  usually  refers  to  the  dimension 
of  an  object  from  side  to  side  or  in  a  direction  at  right  angles 
to  the  length.  For  figure  1-6,  the  board  is  18  inches  in  width 
and  the  cleat  is  3  inches  in  width. 

Thickness.  This  term  usually  refers  to  the  smallest 
dimension  of  any  part  of  the  object  being  describeu. 
Thickness  can  apply  either  to  the  main  part  of  the  obje'^  t  or 
to  some  separate  part  attached  to  the  object  being  descrii  ed. 
It  also  can  apply  to  a  part  projecting  from  the  object; 
however,  it  does  not  apply  to  a  groove  that  is  cut  in  an 
object.  Figure  1-6  shows  us  that  the  board  is  3/4  inch  in 
thickness  and  that  the  cleat  also  is  3/4  inch  in  thickness. 

Height.  This  term  is  used  to  indicate  a  dimension  of  an 
object,  or  a  part  of  it,  that  rises  above  either  the  surface  of 
the  object  being  described  or  the  one  on  which  it  stands. 
For  example,  if  you  place  a  block  on  a  table  in  a  position  so 
that  its  greatest  dimension  is  upright  (standing  on  end),  you 
would  refer  to  the  dimensions  as  height  instead  of  length. 
In  figure  1-6,  the  center  block  is  3  inches  high. 

Depth.  Depth  is  a  perpendicular  measurement  downward 
from  the  top  surface  or  backward  from  the  front.  Note  in 
figure  1-6,  the  drawing  of  a  block  with  a  groove  in  the  top 
surface.  We  would  say  this  groove  is  1/2  inch  below  the  top 
surface  of  the  block. 

Lines  and  Their  Use.  Your  ability  to  read  this  printed 
page  depends  on  your  skill  in  recognizing  the  letters  of  the 
alphabet.  In  addition  to  recognizing  these  letters,  you  must 
know  how  they  are  used  in  the  construction  of  words  and 
sentences.  Likewise,  being  able  to  read  working  drawings 
depends  on  your  ability  to  recognize  the  character  of  the 
lines  used  and  to  understand  how  they  fit  into  the 
description  of  objects,  as  represented. 

Visible  outlines.  In  describing  an  object  with  a  drawing, 
the  outline  of  all  faces  is  represented  by  lines.  The  surfaces 
visible  to  the  eye  always  are  outlined  in  solid  lines.  Being 
bold,  solid  lines,  they  become  the  basis  for  comparison  of 
the  weights  of  all  other  lines.  Notice  the  weight  of  these 
lines  in  figure  1-7. 
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Figure  1-6.  Dimensioning  terms. 


Hidden  lines.  Surfaces  that  are  invisible  (or  hidden)  are 
outlined  with  dashed  lines.  A  hidden  line  actually  is  a  series 
of  short  dashes  of  medium  weight,  about  half  as  heavy  as 
the  lines  used  to  indicate  visible  surfaces.  When  reading 
working  drawings,  it  is  important  for  you  to  remember  that 
a  series  of  short,  uniform  dashes  always  represent  surfaces 
that  are  hidden.  Examine  figure  1-7  and  locate  the  lines  that 
indicate  hidden  surfaces.  Also,  examine  the  invisible 
(dashed)  lines  used  in  figure  1-5  to  see  if  you  understand 
what  they  represent. 


CEKTER  LINE 

 L._ 


INVISIBLE  LINE 


VISIBLE  LINE 

__1  
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Figure  1-7.  Visible  and  invisible  outlines. 
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Centerlines,  For  the  sake  of  accuracy  in  the  construction 
of  many  objects,  it  is  essential  to  lay  off  the  dimension  from 
a  centerline  rather  than  from  the  edge  or  side.  This  is  true 
particularly  of  circular  objects  or  objects  made  up  of  curved 
parts.  This  centerline  in  a  working  drawing  also  is  known  as 
the  central  axis  and  is  illustrated  in  figure  1-7,  where  it  is 
used  to  locate  holes  that  arc  to  be  drilled  along  a  straight 
line.  Note  that,  in  this  case,  the  centerline  is  not  the  center 
of  the  object  but  is  dravn  through  the  centers  of  the  holes, 
,A.  centerline  is  made  up  of  a  series  of  long  and  short  dashes. 

Dimension  Lines.  If  a  working  drawing  is  to  be 
satisfactory,  it  muct  have  not  only  the  correct  shape  but  also 
the  size  of  the  object  and  all  of  its  features.  The  size  is 
indicated  by  dimension  lines  that  are  recognized  easily  by 
the  arrowheads  at  each  end.  Examine  the  use  of  dimension 
lines  in  figures  1-5  and  1-6,  Notice  that  the  dimension  lines 
are  not  continuous  because  of  a  space  near  the  center  where 
the  dimension  is  written. 

Extension  Lines.  Usually,  the  draftsman  tries  to  place  all 
dimensions  of  an  object  outside  it  outline.  This  is  done 
primarily  for  neatness  and  clarity.  In  figure  1-6,  you  can  see 
how  extension  lines  are  used  so  that  the  dimension  lines  will 
be  understood  clearly.  The  solid  lines  extend  the  Umits  of  a 
dimension  out  and  away  from  the  object  and  are  lighter  in 
weight  than  the  visible  outlines. 

Use  of  Dimensions.  Now  that  you  have  learned  some  of 
the  dimensioning  temis  used  on  working  drawings  and  how 
lines  are  used,  let's  consider  how  dimensions  are  used  on 
working  drawings.  Although  draftsmen  do  not  always 
follow  it,  there  is  a  standard  procedure  for  placing 
dimensions  on  drawings.  Learning  this  standard  procedure 
will  enable  you  to  read  working  drawings  quickly  and 
accurately.  Dimensions  of  rectangular  ducts  often  are 
written  on  the  working  drawings,  as  shown  in  figure  1-3. 
Notice  the  section  of  16"  x  8"  duct  which  is  16-inches  wide 
and  8-inches  high.  If  this  same  section  of  duct  is  shown  on 
an  elevation  view,  it  would  be  marked  8"  x  16". 

Angles.  Dimensions  of  angles  are  shown  in  figure  1-8. 
Notice  how  the  dimension  lines  are  used  and  how  the  sizes 
of  the  angles  are  to  be  read  from  a  horizontal  position, 
i-egardless  of  the  position  of  the  angle.  If  the  angle  is  too 
acute  to  be  read,  as  shown  by  the  15°  angle,  the  dimension 
may  be  placed  outside  the  angle. 

Circles.  Figure  1-9  shows  how  dimensions  are  drawn  for 
circles  on  working  drawings.  Centerlines  should  not  be 
used  as  dimension  lines;  therefore,  when  you  show 
diameters  inside  the  circles,  do  it  as  shown  in  the  upper  left 
circle  of  the  illustration.  Notice  the  preferred  way  of 
showing  the  diameter.  The  two  circles  shown  in  the  lower 
right  illustrate  the  way  holes  (small  circles)  are 
dimensioned. 

Arcs.  Figure  1-10  shows  how  dimension  lines  are  used  to 
indicate  the  radii  of  arcs.  Notice  that  an  X  is  placed  at  the 
center  point,  with  a  dimension  line  going  to  the  appropriate 
arc.  In  this  illustration,  the  radius  is  shown  for  each  arc, 
although  in  actual  practice  the  drawing  of  a  rectangular 
elbow  like  this  will  have  only  the  throat  radius  marked, 
(The  throat  radius  is  the  smaller  of  the  two  arcs,  Tiie  radius 
of  the  larger  arc  is  called  the  heel  radius,) 

Holes.  For  distances  between  ho^^^s  in  an  object, 
dimensions  usually  are  indicated  fi . .  .  cenf?^  to  center 
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Figure  I  S,  Dimensions  of  angles. 


rather  than  from  outside  to  outside  of  holes.  Figure  I- 11 
shows  a  piece  of  sheet  metal  with  three  equally  spaced 
9/16-inch  diameter  holes  not  on  a  centerline.  Dimension 
and  extension  lines  have  been  used  to  indicate  various 
dimensions.  The  diameters  of  the  three  holes  have  been 
shown.  The  hole  diameters  also  could  h?.ve  been 
dimensioned,  as  shown  in  figure  1-9, 

Geometric  solids.  On  working  drawings,  the  diameter  for 
a  sphere  usually  is  given  on  the  view  that  is  most 
convenient.  The  two  necessary  dimensions  for  a 
c}'!inder — length  and  diameter — can  be  shown  on  one  view. 
Often,  one  view  of  a  cone  is  used  to  indicate  the  diameter 
and  height,  although  it  is  better  to  have  two  views,  as 
shown  in  figure  1-2.  Two  views  also  are  desirable  for 
working  drawings,  showing  the  dimensions  of  a  pyramid. 
These  dimensions — vertical,  height,  slant  height,  width. 
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Figure  1-9.  Dimensions  of  circles  and  holes. 
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Figure  1~10,  Dimensions  of  arcs. 


3.  Dimension  lines  of  angles  are  located  where? 


4.  Lines  of  surfaces  that  are  not  visible  on  a  geometric 
solid  are  shown  by  . 


5 .   When  would  you  use  extension  lines? 


6,   What  do  solid  lines  on  a  drawiriR  represent? 


7.  What  do  dashed  lines  on  a  drawing  represent? 


8.  How  are  the  dimensions  of  an  angle  indicated? 


diameter,  etc. — are  shown  on  the  working  drawings  in  the 
plan,  elevation,  and  detail  views. 

Scale  Dimensions.  Previously,  you  learned  how  to  use 
the  architect's  scale  to  reduce  the  dimensions  of  objects  *oo 
large  to  be  drawn  full  scale.  Now ,  let's  leam  how  to  use  the 
architect's  scale  to  measure  objects  tliat  are  drawn  to  scale 
on  a  working  drawing.  For  example,  a  working  drawing 
such  as  that  shown  in  figure  1-3  probably  will  be  drawn  1/4" 
=  r  scale.  By  using  the  1/4-inch  scale,  you  easily  can 
determine  dimensions  such  as  the  length  of  the  duct  sections 
and  distances  from  the  wall.  If  you  have  a  working  drawing 
of  a  very  large  building,  the  scale  may  possibly  be  i/8"  =  1 ' 
so  that  the  entire  structure  can  be  shown  on  one  drawing. 
However,  in  most  architectural  v/orking  drawings  you  use, 
the  scale  will  be  1/4"  =1'.  But,  when  written  dimensions 
are  included  on  the  working  drawing,  as  shown  in  figure  1- 
3,  they  should  be  followed  in  preference  to  using  the 
architect's  scale. 

If  you  have  a  working  drawing  of  a  small  object,  the  size 
most  likely  will  be  full  scale,  since  there  is  no  advantage  in 
reducing  the  size  of  the  object  if  it  conveniently  can  be 
drawn  full  size  on  the  sheet  of  drawing  cloth  or  paper. 

Exercises  (401): 

1.  List  five  terms  that  deal  with  the  dimensions  of  an 
object. 


9.   What  is  the  preferred  method  of  indicating  dimensions 
of  a  circle? 


10.   In  using  dimension  lines  on  arcs,  how  is  the  center 
point  located? 


1 1 .  How  do  you  indicate  the  dimension  between  two  holes 
m  an  object? 


12.  How  many  views  are  shown  in  an  orthographic 
projection  of  a  cone? 


13.  How  many  dimensions  are  required  for  a  drawing  of  a 
cone? 


2.  Dimensions  of  holes  usuallv  are  laid  off  from  where? 
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Figure  I~I  I .  Dimensions  for  holes. 


i/r 


402,  State  the  uses  of  given  symbols  used  on  drawings. 

Symbols  Used  on  Ujating  and  Ventilating  System 
D;.*a>vings,  With  a  good  working  drawing  and  the 
knowledge  of  how  to  read  and  interpret  it,  you  can  develop 
patterns,  fabricate  components,  and  install  entire  heating 
and  ventilating  systems.  Already  in  this  chapter,  you  have 
learned  how  to  read  and  interpret  lines,  views,  and 
dimensions  used  on  working  drawings;  and  in  figure  i-3, 
you  noticed  symbols  used  on  the  drawings.  Now,  let  us 
examine  the  various  symbols  used  for  ducts,  dampers, 
registers,  grilles,  and  louvers. 

Symbols  for  Rectangular  Ducts,  Duct  symbols  are  used 
on  working  drawings  for  such  purposes  as  distinguishing 
one  duct  from  another;  determining  if  a  duct  is  round  or 
rectangular;  or  determining  if  the  duct  is  a  supply,  return,  or 
exhaust  line.  Also,  the  direction  of  airflow,  inlets  Q^d 
outlets,  flexible  connections,  and  turn  vanes  can  be 
identified  with  symbols.  In  figure  1-12,  you  can  see  some 
of  the  symbols  used  for  rectangular  ducts. 

Duct  size.  The  height  and  width  of  a  duct  are  determined 
by  dimensions  written  on  a  section  of  the  duct.  Remember 
that  the  first  number  will  indicate  the  dimension  of  the 
visible  side  of  the  duct,  regardless  of  whether  it  is  a  plan  or 
elevation  view.  For  example,  if  drawing  a  in  figure  1-12  is 
an  elevation  view,  the  duct  is  12-inches  high  and  20-inches 
wide. 

Duct  direction  of  Jlow.  This  symbol,  (fig,  1-12, b) 
indicates  the  direction  of  flow  through  the  duct.  The 
symbol  is  not  always  used,  since  many  duct  systems  are 
simple  and  the  inlet  and  outlet  openings  will  have  direction 
of  flow  indicated  with  letters  or  arrows. 

Duct,  exhaust  section.  This  symbol,  shown  in  c  of  (fig, 
l-12,c)  is  used  to  identify  an  exhaust  opening  in  a  duct, 
with  the  direction  of  flow  indicated  by  a  single  diagonal  and 
the  letter  E  (exhaust).  The  arrow  in  this  symbol  does  not 
indicate  direction  of  flow  but  points  out  the  size  of  the 
opening,  which,  in  this  case,  is  12"  x  20",  Notice  also  in 
figure  1-12  that  several  other  duct  symbols  are  similai'  to 
this  one  except  for  letters  and  diagonal  lines.  The  single 
diagonal  line  always  indicates  that  flow  is  into  the  duct. 

Duct  weather-air  section.  This  symbol  (fig,  l-12,d) 
indicates  a  duct  opening  where  inside  air  A  and  outside  air 
W  are  flowing  into  the  duci.  These  symbols  may  be  found 
on  a  drawing  of  a  duct  which  is  the  return  air  system  to  a 
furnace  and  which  mixes  outside  air  and  inside  air. 

Duct,  recirculation  system.  This  symbol  (fig,  1-12, e)  is 
similar  to  the  weather-air  symbol  except  that  only  return  air 
(designated  by  the  letter  ''R")  is  involved.  This  symbol 
will  be  found  on  most  drawings  that  have  a  return  air  duct 
system  to  the  furnace. 

Duct,  other  section.  This  symbol  (fig,  1-12, f)  has  a 
single  diagonal  to  represent  direction  of  flow,  and  a  letter  or 
letters  to  indicate  function.  In  this  case,  we  use  the  E  to 
represent  exhaust,  and  K  to  represent  kitchen. 

Duct,  supply  section.  This  symbol  (fig,  1-12, g)  has  two 
diagonals  that  indicate  the  direction  of  flow  is  from  the 
duct.  The  letter  S,  which  may  or  may  not  be  used^  simply 
means  supply.  The  arrow  does  not  indicate  direction  of  flow 


but  points  out  the  size  of  the  duct,  which  in  this  case,  is  12" 
X  20",  Remember  that  two  diagonal  lines  represent  a  supply 
duct. 

Fan  with  flexible  connections.  This  symbol  (fig,  1-1 2,h) 
is  used  to  indicate  the  location  of  a  fan  or  blower  in  a  duct 
system.  The  arrows  indicate  the  direction  of  airflow.  Not 
enough  of  the  system  is  shown  in  the  illustration  to  indicate 
whether  the  fan  is  being  used  for  exhaust  purposes  or  for 
supply  purposes;  however,  when  this  symbol  is  useu  on  a 
working  di awing,  you  can  determine  its  purpose  by  its 
location  in  the  duct  system. 

The  connector  symbol  (four  parallel  lines  shown  in  fig, 
1-12, h)  also  is  important  to  you,  as  a  sheet  metal  specialist, 
because  you  arc  responsible  for  installation  and 
maintenance  of  connectors.  This  symbol  represents  a 
flexible  connector  between  the  furnace  outlet  and  the 
supply  duct.  The  same  four-line  symbol  may  be  used  to 
represent  a  flexible  connector  on  the  return  air  or  intake  side 
of  the  furnace. 

Symbols  for  Round  Ducts.  Most  of  the  round  ducts  you 
will  encounter  are  in  kitchen  exhaust  systems  and  the 
heating  and  cooling  ducts  of  family  housing  units. 

Round  duct,  exhaust  system,  nonwatertight.  The  duct 
symbols,  shown  in  a  figure  1-13,  are  used  on  working 
drawings  to  indicate  a  round  nonwatertight  exhaust  duct 
such  as  that  used  with  a  hood  to  exhaust  smoke  and  heat 
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Figure  1-12.  Symbols  used  with  rectangular  ducts. 
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ROUND  DUCT 
Q   EXHAUST  SYSTEM 
NONWATERTIGHT 


ROUND  DUCT 
b    RECIRCULATING  SYSTEM 
NONWATERTIGHT 


ROUWO  DUCT 
C    SUPPLY  SYSTEM 
NONWATERTIGHT 


Figure  l-!3.  Symbols  used  for  round  ducts. 


froin  a  kitchen  range.  The  broken  line  with  the  flai-ed  end 
(tail  end  of  the  broken  arrow)  is  used  on  the  plan  views  with 
the  appropriate  down  or  up  symbol. 

Round  duct,  recirculating  system,  nonwatertight.  This 
symbol  (fig.  l-13,b),  is  used  on  the  plan  views  of  working 
drawings  for  round  retiim  ducts  such  as  the  return  air  duct  to 
flimaces.  This  symbol  is  a  slight  variation  from  that  of  a 
rectangular  duct. 

The  appropriate  up  or  down  symbol  should  be  identified 
with  a  broken  line  arrow  as  shown  in  the  illustration. 

Round  duct,  supply  system,  nonwatertight.  This  symbol 
(^g.  1-1 3,c)  is  used  on  the  plan  views  of  working  drawings 
Co  indicate  round  supply  ducts  to  components  such  as 
furnaces. 

Symbols  for  Turn  Vanes.  The  turn  vane  symbols, 
shown  in  figure  1-14,  arc  used  on  working  drawings  to 
indicate  the  location  of  turn  vanes  inside  of  ducts.  Vanes 
reduce  the  air  resistance  at  elbows  to  permit  the  air  to 
change  direction  with  less  turbulence;  they  are  i.istalled  at 
the  shop  during  fabrication  of  the  elbows. 

Damper  Symbols.  Dampers  are  deflecting  or  shutoff 
devices  instated  inside  ducts  to  regulate  the  flow  of  air. 
Many  dampers  arc  operated  manually  and  have  handles  that 
arc  accessible  from  outside  the  duct;  however,  some  arc 
motor-operated  for  remote  control  and  others  operate 
automatically.  Figure  1-15  shows  six  kinds  of  symbols  that 
are  used  on  working  drawings  for  various  dampers. 


Damper  ojf,  adjustable.  The  symbol  used  for  a  damper 
off.  adjustable  (blankoff  or  shutoff)  is  shown  in  figure  1- 
15, a.  This  device  may  be  of  the  butterfly  typ/C,  similar  to  f 
of  figure  1-15,  or  it  may  be  a  sliding  gate. 

Dampers,  automatic.  This  symbol  is  used  for  multiple 
blade  dampers  which  are  operated  automatically.  The 
symbol  shown  in  figure  l-15,b,  is  for  a  motor-operated 
damper;  when  the  damper  is  not  motor-operated,  the 
symbol  will  not  have  the  letter  M.  An  example  of  a 
nonmotor-operated  damper  is  a  fire  damper  installed  in  a 
duct  system;  in  case  of  fire,  a  fusible  link  will  melt,  and  the 
spring-loaded  damper  blades  will  close  off  the  airflow 
through  the  duct. 

Damper,  deflecting.  The  deflecting  damper  symbols 
shown  in  c,  d,  and  e  of  figure  1-15  represent  similar 
dampers  used  to  deflect  airflow.  The  purpose  of  these 
dumpers  is  to  balance  the  airflow  at  a  takeoff  or  branch  in  a 
duct. 

Damper,  volume.  This  symbol,  shown  in  the  two  views 
in  f  of  figure  1-15,  is  frequently  used  in  drawings  to  show 
the  location  of  volume  dampers  in  air  ducts  such  as  those 
used  in  healing  or  cooling  systems.  Notice  the  similarity  of 
the  plan  and  elevation  views. 

Symbols  for  Registers.  Symbols  used  to  indicate 
locations  of  registers  on  working  drawings  are  shown  in 
figure  1-16.  In  sheet  metal  work,  a  register  is  a  supply 
outlet  for  heating  and  cooling  systems.  The  register  is  the 
portion  of  the  duct  system  that  covers  the  duct  outlet. 
Registers  usually  are  finished  to  match  the  room  and  often 
have  turn  blades  to  control  the  direction  of  airflow. 
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Figure  1-14.  Symbols  used  for  tum  vanes. 
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Figure  1-15.  Symbols  used  for  dampers. 
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Figure  1-16,  Symbols  for  registers. 


Register,  ceiling.  This  symbol,  shown  in  a  of  figure  1- 

16,  is  used  on  plan  views  to  indicate  the  location  of  ceiling 
registers.  The  arrow  and  the  two  diagonals  indicate  a  supply 
outlet.  The  other  information  shown  indicates  that  the  outlet 
is  a  ceiling  register  of  the  given  dimension  of  airflow.  The 
700  cfm  indicates  a  supply  of  700  cubic  feet  of  air  per 
minute. 

Register,  wall.  The  symbols,  shown  in  b  through  f  of 
figure  1-16,  are  similar  except  for  specific  uses.  The  basic 
symbol  for  a  supply  register  is  shown  in  b;  the  other 
symbols  are  variations  identified  by  letters  such  as  BR  for 
the  bottom  register  used  near  floor  level,  CR  for  a  center 
register  used  about  halfway  between  floor  and  ceiling  level, 
and  TR  for  i  register  used  near  ceiling  level. 

Symbols  for  Grilles.  The  symbols  for  grilles  are  the 
same  as  symbols  for  registers  except  for  the  identifying 
letters.  For  example,  the  letters  BR  identifying  a  bottom 
register  would  be  changed  to  BG  for  a  bottom  grille,  A 
grille  consists  of  a  plain  or  fancy  framework  of  metal  bars, 
wires,  or  louvers  used  to  cover  an  opening  such  as  the  inlet 
of  a  return  duct.  Whether  used  at  an  inlet  or  outlet,  a  grille 
docs  not  include  deflectors  or  a  regulating  device. 

Symbols  for  Louvers.  In  flgure  1-17,  you  can  see  two 
symbols  used  to  identify  louvers  on  working  drawings.  A 
louver  is  a  series  of  sloping  slats  set  in  a  frame  or  other 
opening  to  allow  passage  of  air.  In  sheet  metal  work, 
louvers  arc  used  as  ventilating  slits  to  cover  inlet  and  outlet 
openings  in  duct  systems  or  exhaust  fans.  Louvers  can  be 
stationary,  manual,  or  automatic  type. 

Louver  opening  location  symbol.  Location  of  a  louver  on 
a  working  drawing  is  identified  by  the  symbols  shown  in  a 
of  figure  1-17.  This  symbol  identifies  the  location  only  and 
docs  not  designate  the  type  of  louver.  The  arrow  indicates 
the  direction  of  airflow.  Notice  that  the  louver  symbol  has 
two  vertical  lines,  the  same  as  for  registers. 

Louver  and  screen.  The  symbol,  shown  in  b  of  figure  1- 

17,  designates  a  weather  or  air  intake  louver  screen.  An 
example  of  the  use  of  this  synr^bol  would  be  in  a  plan  view 
of  a  duct  system  such  as  the  weather-air  intake  of  the  return 


ducts  to  a  furnace.  This  symbol  leprc.^ats  the  type  of 
louver  used  at  the  intake  shown  in  part  d  of  fi,^^,ure  1-12. 

Exercises  (402): 

1,  On  a  duct  drawing,  the  dimensions  of  the  visible  side 
of  the  duct  always  appear  where  first  or  last)? 


2,  What  is  the  symbol  for  a  circle  with  a  solid  arrow 
pointc  1  towards? 


3,  The  damper  symbol  which  has  one  solid  dot  at  an 
outlet  is  the  symbol  for  a  damper. 


4,  The  symbol  for  registers  and  grills  are  the  same  except 
for  identifying  letters.  Which  other  duct  symbol  also  is 
similar  except  for  the  lettering? 


5,  What  letters  are  in  a  duct  symbol  for  a  duct  that  mixes 
return  air  and  fresh  air? 


6.  A  wall  register  identified  by  the  letters  BR  is  to  be 
located  at  what  vertical  height? 


7.  TG  on  the  working  drawing  indicates  and  shows 
location  of  what  item? 


403.  Specify  the  purpose  of  special  instructions  for 
working  drawings. 

Notes  and  Specifications.  Specifications  for  sheet  metal 
work  and  other  construction  projects  are  used  to  supplement 
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Figure  1~17,  Symbols  fcr  louver  and  opening. 


the  information  on  working  drawings.  They  are  written 
descriptions  of  the  standards  to  be  maintained  and  they  state 
specifically  all  the  factors  not  shown  on  the  drawings. 
Notes  and  specifications  have  a  similar  purpose,  but  notes 
are  the  condensed  versions  that  are  written  on  the  working 
drawings. 

Notes.  The  notes  shown  on  drawings  are  similar  to 
portions  of  the  specifications  and  are  used  to  explain  the 
drawing.  Examples  of  notes  are  contained  in  figures  1-18 
and  1-19.  Figure  1-18  shows  a  pictorial  view  of  the  gravel 
stop  and  fascia  used  around  the  edges  of  a  flat  roof.  Figure 
1-19  is  a  detail  view  of  expansion  joints  used  with  the 
gravel  guard  and  fascia.  Notice  that  the  drawing  serves  as  a 
fabrication  guide  for  either  aluminum  or  copper 
construction,  that  the  notes  indicate  that  bronze  flathead 
wood  screws  are  to  be  used  if  the  gravel  guard  is  made  of 
copper  sheet,  and  that  aluminum  flathead  screws  are  to  be 
used  with  aluminum  sheets. 

Specifications,  The  specifications  for  sheet  metal  work, 
should  indicate  clearly  the  quality  and  quantity  of  materials. 


the  methods  of  construction,  the  nature  of  the 
workmanship,  the  manner  of  conducting  the  work,  and  the 
general  conditions  and  agreements.  Specifications  consist 
of  two  types — general  and  specific — and  much  time  and 
thought  are  given  to  their  preparation  to  make  sure  that 
every  detail  is  covered.  The  specific  types  concern 
individual  projects,  such  as  a  contract  job  for  construction 
of  a  new  building  where  the  specifications  are  definite 
rather  than  general.  Specific  specifications  cover  such  items 
as  the  quality  of  the  material^  details  of  construction, 
working  drawings,  and  other  special  features. 

General  specifications  are,  as  the  name  implies,  general 
in  nature  and  are  applicable  to  more  than  one  construction 
job.  The  Corps  of  Engineers  prepares  general  specifications 
for  all  types  of  military  construction.  These  general 
specifications  cover  all  kinds  of  sheet  metals,  fastening 
methods,  soldering,  welding,  seaming,  and  fabrications  for 
different  sheet  metal  components. 

Gravel  stops  and  fasciae  are  formed  of  sheets  of  standard 
stock  lengths  not  less  than  8  feet  long;  they  are  shop 
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Figure  I-I8.  Gravel  stop  and  fascia. 
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fabricated  from  one  piece  of  material  of  suitable  width. 
Note  in  figure  1-20  that  the  gravel  stop  and  fascia  extend 
above  the  roof  line.  Gravel  stops  and  fasciae  must  be 
provided  with  concealed  splice  plate  or  other  suitable  slip- 
joining  member  designed  to  allow  for  expansion  at 
specified  intervals.  Expansion  and  contraction  joints  must 
be  one-piece  assemblies  around  internal  and  external 
comers,  and  the  allowance  for  expansion  cannot  be  less 
than  1/4  inch  at  each  joint.  Splice  plates  or  other  concealed 
items  for  securing  the  joints  must  lap  the  gravel  stops  and 
fasciae  not  less  than  4  inches.  The  inner  flange  of  the  gravel 
stops  and  fasciae  must  extend  not  less  than  4  inches  onto  the 
roof  over  the  felt  roofing  plies  and  must  be  fastened  to  the 
edge  nailing  strips  with  nails  spaced  not  over  3  inches  on 
centers.  Where  the  fascia  part  of  the  gravel  stop  is  5  inches 
or  more  in  width,  the  lower  edge  must  be  hooked  at  least 
3/4  inch  over  the  edge  drip  strips  and  bent  outward  at  an 
angle  of  45"*  to  form  a  drip. 

Working  Drawings.  Figures  1-18,  1-19,  and  1-20  are 
working  drawings  for  fabrication  and  installation  of  gravel 
stops  and  fasciae  for  building  with  flat  roofs.  With  these 
drawings  and  dimensions  of  the  buildings,  your  shop  can 
fabricate  exact  replacements.  These  working  drawings  are 
considered  a  part  of  the  specific  specifications  and  must  be 
closely  followed  closely  for  fabrication  and  installation 
procedures. 

As  you  examine  the  pictorial  view  shown  in  figure  1-18, 
you  quickly  can  see  the  overall  shape  of  the  gravel  stop  and 
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fascia  (sometimes  called  a  gravel  guard  and  fascia). 
Further  examination  will  indicate  additional  information 
such  as  dimensions  of  the  running  sections  and  how  the 
comers  are  fabricated. 

From  the  detail  views  of  the  expansion  joint  shown  in 
figure  1-19,  you  can  see  fabrication  information  that  was 
not  included  in  figure  1-18.  The  detail  views  show  the 
construction  of  the  expansion  joint,  which  is  made  of  thn  e 
pieces  of  metal — the  base,  the  spacer,  and  the  face  that 
matches  the  fascia.  Other  information  shown  includes  such 
details  as  the  gage  of  metal  to  use,  dimensions,  and  special 
notes. 

Figure  1-20  is  a  cross  section  detail  view  of  the  gravel 
guard  and  tar  stop.  In  this  view  you  can  see,  in  detail,  how 
the  installation  is  made,  including  such  items  as  the  gravel 
guard,  tar  stop,  lower  support  strip,  and  felt  strips.  This 
detail  view  also  illustrates  the  method  of  nailing  the  tar  stop 
and  lower  bent  strip  support.  The  abbreviation  **OC"  in  the 
notes  means  on  center. 

Exercises  (403): 
K  What  is  a  **note"?  Where  is  it  found? 
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Figure  1-20,  Detail  of  gravel  and  tar  stop. 


2.  What  are  general  specifications  for  general  sheet  metal 
work? 


3.  What  guicie  is  useci  by  the  sheet  metal  worker  to 
fabricate  exact  replacement  items? 


4.  What  is  covered  in  specific  specifications? 


5.  Why  must  gravel  stops  and  fascia  be  assembled  with 
slip  joints? 


1-2.  Measurement  and  Layout  Tools 

All  metal  fabrication  work  requires  accurate 
measurement  and  layout  techniques,  and  this  section  has 
been  prepared  to  help  you  learn  about  the  tools  used  in 
measurement  and  layout  operations.  Your  specialty 
description  states  that,  as  a  metal  specialist,  you  will  take 
measurements  from  drawings  and  lay  out  working  details 


for  fabrication  of  sheet  metal  items.  Your  specialty  training 
standard  contains  a  list  of  the  tools  you  must  learn  to  use. 

In  this  section,  you  will  learn  how  to  use  measuring 
tools,  such  as  rules,  tapes,  combination  sets,  squares,  and 
calipers.  And  you  will  learn  how  better  to  use  layout  tools, 
such  as.  levels,  architect's  scales,  compasses,  dividers,  T- 
squares,  triangles,  protractors,  templates,  irregular  curves, 
trammel  points,  plumblines,  and  chalklines. 

Each  measurement  and  layout  tool  has  special  uses  in 
sheet  metal  work.  For  example,  rules  and  tapes  are  used  for 
measuring  sheet  metal  which  is  to  be  cut  or  folded,  or  for 
the  measuring  of  parts  to  be  duplicated.  Another  example  is 
the  compass,  which  can  be  used  to  draw  a  polygon  inside  a 
circle  or  to  perform  graphic  solutions  to  problems.  Still 
another  example  is  the  scriber  that  can  be  used  to  scribe  or 
mark  a  line  to  indicate  where  a  sheet  of  metal  is  to  be  cut. 
From  these  examples,  you  can  see  that  each  measurement 
and  layout  tool  has  specific  uses;  we  discuss  separately  how 
each  applies  to  your  job.  Let's  begin  with  measuring  tools. 

The  portions  of  the  chapter  which  discuss  geometric 
figures  are  accompanied  by  formulas  for  determining 
dimensions,  area,  and  volume. 

404.  Specify  types  and  identify  parts  of  a  graduated 
scale. 

Reading  Graduated  Scales.  As  a  metal  fabrication 
specialist,  you  will  use  graduated  scales  such  as  measuring 
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rules,  tapes,  squares,  protractors,  twist  drill  size  gages, 
adjustment  gages  on  metal  cutting  machines,  and  thickness 
gages.  These  measuring  devices  used  in  most  metal  work 
are  graduated  in  inches  and  feet.  It  is  very  important  for  you 
to  understand  fractions  so  that  you  can  measure  fractionrd 
distances.  For  example,  you  frequently  will  measure 
distances  or  thicknesses  in  fractional  parts  of  the  inch,  such 
as  eighths,  sixteenths,  thirty-seconds,  and  sixty-fourths. 

In  figure  1-21 ,  you  can  see  the  fractional  parts  of  an  inch 
that  commonly  are  used.  As  you  study  the  rule  shown  in  the 
upper  part  of  this  figure,  notice  that  one  side  of  the  rule  is 
graduated  in  eighths  of  an  inch  and  the  other  side  in 
sixteenths.  The  nile  illustrated  in  the  lower  part  of  the 
figure  is  graduated  in  thirty-seconds  and  sixty-fourths.  You 
must  learn  to  correctly  read  figures  like  these  because 
correct  measurement  is  essential  for  most  jobs  involving 
layout,  fabrication,  repair,  and  installation  of  metal  articl»*s 
and  components. 

As  a  brief  review  of  your  ability  to  read  graduated  scales, 
use  the  upper  nilc  in  figure  1-2  J  to  locate  the  marks 
representing  1  inches  and  1%  inches.  In  the  lower  rule, 
locate  the  marks  representing  17/32  inch  and  35/64  inch. 

To  further  improve  your  skill  in  reading  graduated  scales, 
refer  to  the  6-inch  rule  illustrated  in  figure  1-22  and  verify 
each  of  the  following: 

•  Position  9  is  6  inches. 

•  Position  7  is  4  inches. 

•  Position e  \s3Vs  inches. 

•  Position  c  is  1  *yi6  inches. 

•  Position  2  is  25/32  inches. 


Now  that  you  have  achieved  the  ability  to  read  fractions 
of  an  inch,  let's  go  to  the  next  step  y  comparing  the  inch 
(sixty-fourths,  thirty-seconds,  sixteenths,  fourths,  and 
halves)  with  the  inch  in  tenths  and  the  meter  shown  in  figure 
1-23.  If  you  check  closely,  you  will  find  most  framing 
square's  have  one  scale  in  tenths.  Some  steel  rules  (inch 
based)  are  graduated  in  lOths,  20ths,  50ths,  and  l(K)ths. 
You  will  need  to  practice  to  accurately  and  quickly  read 
these  scales. 

Since  the  meter  is  over  39  inches,  we  will  concentrate  on 
smaller  parts  of  the  meter.  In  the  lower  part  of  figure  1-24, 
the  centimeter  is  divided  into  10  parts  (millimeters);  and,  on 
the  bottom  edge,  the  mm  is  divided  in  half.  Now,  just  for 
practice,  take  a  close  look  at  the  two  scales  in  figure  1-24 
and  see  if  you  can  find  any  two  readings  that  represent  the 
same  distance. 

Exercises  (404): 

1 .  List  five  types  of  measuring  devices  (graduated  scales) 
used  in  sheet  metal  work. 


2.  What  term  identifies  the  graduation  on  a  ruler  that  is 
less  than  an  inch? 


3.  Identify  the  graduations  on  the  rule  in  figure  1-22. 
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405.  Given  measurements  containing  mixed  numbers^ 
abbreviate  them  correctly. 

Although  the  importance  of  correctly  reading  fractional 
parts  of  inches  has  been  emphasized,  you  also  must  use  care 
in  correctly  reading  measuring  tapes  that  are  graduated  in 
feet  and  inches.  For  example,  the  measurement  of  a  panel 
to  be  cut  may  be  2  feet  wide  and  7  feet  316  inches  long. 
(These  measurements  may  be  abbreviated  as  2  ft.  by  7  ft. 
31/2  in.  or  as  2'  X  7'  31/2".  The  measurements  may  be  made 
with  a  steel  tape,  folding  rule,  or  the  measuring  gage  on 
squaring  shears.  Using  any  of  these  requires  the 
measurement  to  be  made  from  the  exact  edge  of  the  metal  to 
the  right  mark  on  the  graduated  scale. 

Exercises  (405): 

1 .  Abbreviate  the  following: 

a.  6  feet  wide  by  22  feet  9%  inches  long. 


b.   1  foot  wide  by  3  feet  3  inches  long  by  1  foot  8 
inches  high. 


Figure  1-21.  Graduated  scales. 
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Figure  1-22.  6-inch  mle. 


406.  Specify  type  of  measuring  tools  most  commonly 
used  in  the  metal  shop  and  state  characteristics  and  rules 
concerning  each. 

Measuring  Tools.  In  this  section,  we  discuss  the 
measuring  tools  used  in  the  fabrication,  repair,  and 
installation  of  sheet  metal  parts. 

Rules.  The  term  "rule"  is  accepted  as  a  general  term 
used  to  describe  a  great  number  of  measuring  devices.  More 
specifically,  a  rule  is  a  strip  of  wood,  metal,  or  other 
suitable  material  made  in  standard  lengths  and  is  marked 
along  one  or  more  edges  into  specified  parts,  divisions,  or 
units  of  measure.  The  English  system  of  linear  measure,  of 
which  inches  and  feet  are  units  of  length,  is  used  most 
commonly  for  measuring  sheet  metal.  The  inch  may  be 
divided  into  smaller  parts  by  means  of  either  common  or 
decimal  fractional  divisions.  The  fractional  divisions  for  an 
inch  are  found  by  dividing  the  inch  into  equal  parts — the 
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more  common  ones  are  halves,  quarters,  eighths, 
sixteenths,  thirty-seconds,  and  sixty-fourths.  Fractions  of 
an  inch  also  are  expressed  in  decimals;  for  example,  1/8'  -~ 
0.125',  1/4'  =0.250',  1/2'  =0.500',  etc. 

At  home  and  at  school  you  have  learned  to  use  common 
wood  or  plastic  rulers  that  were  6,  12,  or  15  inches  long, 
with  subdivisions  down  to  sixty-fourths  of  an  inch. 
Probably,  you  also  are  familiar  with  the  common  yardstick, 
which  is  3  feet  long  and  has  subdivisions  down  to  eighths  of 
an  inch. 

Steel  rules.  Steel  rules  are  available  in  lengths  of  6,  12, 
and  15  inches  and  may  be  rigid  or  flexible.  They  may  have 
information  on  the  back  side,  such  as  a  decimal  equivalent 
scale.  To  measure  with  a  steel  rule,  use  it  as  shown  in  figure 
1-25,  You  will  be  using  several  layout  and  measuring 
devices  that  incorporate  a  rigid  steel  rule,  such  as  the 
combination  set,  framing  square,  and  circumference  rule. 
These  are  discussed  later  in  this  section. 

Folding  rule.  The  folding  rule  shown  in  figure  1-26  is 
typical  of  t^us  kind  of  rule,  which  unfolds  to  6  feet  and  is 
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Figure  1-23,  A  comparison  with  metrics. 
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Figure  1~24.  Varied  measurements  scales. 
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Figure  1-25,  Using  a  6-inch  rule. 


graduated  in  sixteenths  of  an  inch.  Folding  rules  are  usually 
made  of  wood,  have  brass  tips  called  striking  plates,  and 
have  positive  locking  joints  also  made  of  brass.  Although 
these  rules  are  principally  used  by  carpenters,  sheet  metal 
specialists  also  find  them  handy  and  easy  to  use. 

Circumference  rule.  The  circumference  mle  shown  in 
figure  1-27  provides  a  "shortcut"  method  for  computing 
the  circumference  of  a  circle.  This  rule  is  available  in  36- 
and  48-inch  lengthi).  The  upper  edge  is  graduated  in  inches 
in  the  same  manner  as  a  regular  steel  rule,  but  the  lower 
edge  is  graduated  quite  differently.  The  lower  edge  will 
give  you  the  approximate  circumference  of  any  circle 
within  the  range  of  the  rule.  The  circumference  scale  is 
equivalent  to  the  diameter  times  3,1416.  You  should 
remember  the  formula  for  finding  the  circumference  of  a 
circle  (C  =  it  d).  Notice  in  figure  1-27  that  the  reading  on 
the  lower  edge  directly  below  the  3-inch  mark  is  a  little  less 
than  91/2  inches.  This  reading  is  the  approximate 
circumference  of  a  circle  with  a  diameter  of  3  inches. 

Steel  ^pes.  Steel  measuring  tapes  are  available  in  lengths 
from  6  to  100  feet  and  are  contained  in  various  shapes  of 
handheld  cases.  These  easy-to-wind  tapes  are  flexible  and 
are  wound  around  a  reel  with  a  small  handcrank  or  by  a 
spring  inside  the  reel  case.  Two  kinds  of  measurements  are 
made  with  steel  tapes,  inside  measurements,  and  outside 
measurements.  For  a  simple  explanation,  think  of  a  wooden 
box  with  no  top.  An  inside  measurement  is  made  by  putting 
the  tape  down  inside  the  box  and  measuring  the  distance 
from  one  side  to  the  opposite  side.  An  outside  measurement 
is  made  by  measuring  the  external  dimensions  of  the  box. 


Figure  1-26,  Folding  rule. 
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Figure  1-27.  Circumference  rule. 

such  as  the  height  or  width.  Some  steel  tapes  arc  designed 
to  make  both  inside  and  outside  measurements. 

The  25-foot  steel  measuring  tape  shown  in  figure  1-28  is 
graduated  in  eighths  of  an  inch  and  is  wound  into  the  case 
by  the  hinged  handcrank.  This  type  of  case  is  used  also  for 
50-,  75-,  and  100-foot  tapes.  In  sheet  metal  work,  these 
longer  tapes  are  useful  to  measure  such  items  as  long  ducts, 
gutters,  gravel  guards,  and  metal  roofs.  The  25-foot  and 
longer  tapes  are  best  suited  for  making  outside 
measurements;  however,  inside  measurements  are  possible. 
When  using  one  of  these  longer  tapes  for  outside 
measurements,  be  sure  to  examine  the  hook  or  ring  on  the 
end  of  the  tape  for  the  actual  point  of  beginning.  Since 
measuring  tapes  are  available  with  a  variety  of  ends — such 
as  hooks,  rings,  or  a  comoination  of  both — it  is  possible  to 
make  a  measurement  error  of  approximately  1/16  inch.  The 
inch  and  foot  graduations  printed  on  the  tape  are  measured 
from  the  outside  of  the  ring,  which  is  the  actual  end  of  the 
tape.  When  measuring  from  a  point  not  at  the  actual  end  of 
the  tape,  such  as  with  the  ring  hooked  on  a  nail,  a  correction 
equal  to  the  thickness  of  the  ring  must  be  figured  into  the 
readout  measurement. 

The  steel  tape  you  most  frequently  will  use  is  the  pocket- 
sized  power-return  tape  shown  in  figures  1-29  and  1-30. 
The  tape  case  contains  an  internal  spring  that  returns  the 
tape  when  measuring  is  completed.  This  flexible  tape  has  a 
slight  curvature  that  causes  it  to  be  stiffened  when 
extended;  this  is  a  good  feature,  because  it  allows  the  tape 
to  be  extended  straight  out  of  the  case.  Power-return  steel 
tapes  are  available  in  6-,  8-,  10-,  and  12-foot  length.  These 
tapes  are  graduated  in  sixteenths  and  thirty-seconds  of  an 
inch  and  are  designed  for  both  inside  and  outside 
measuring.   Each  tape  has  a  self-adjusting  hook  that 


Figure  1-28.  25-foot  steel  measuring  tape. 
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Figure  1-29,  Making  inside  measurement  with  a  power-return  steel  tape. 


automatically  compensates  for  the  thickness  of  itself.  Thus, 
you  do  not  have  to  figure  in  a  correction  when  making 
measurements.  The  case  specially  is  designed  for  making 
inside  measurements.  Since  it  is  2  inches  long,  when 
making  inside  measurements,  the  2  inches  simply  are  added 
to  the  visible  readout,  as  shown  in  figure  1-29,  The  visible 
readout  when  making  inside  measurements  is  the  end  of  the 
tape  to  the  index  point  at  the  case.  For  example,  an  inside 
measurement  ot  a  box  might  show  a  readout  of  2'/2  inches, 
which  added  to  the  2  inches  for  the  tape  case  would  be  a 
total  inside  measurement  of  4'/2  inches.  An  example  of  an 
outside  measurement  is  illustrated  in  figure  1-20.  Notice 
that  the  self-adjusting  hook  is  extended,  and  the  readout 
measurement  is  the  inches  or  feet  at  the  exact  edge  of  the 
surface. 

Calipers.  Calipers  are  used  for  measuring  diameters  and 
distances  and  for  comparing  distances  and  sizes.  The  three 
common  types  include  outside  calipers,  inside  calipers,  and 
hermaphrodite  calipers.  None  of  these  are  recommended 


for  precision  measurements  that  involve  nic:isiirctnonts  of 
less  than  1/64  inch. 

Outside  calipers.  Outside  calipers  are  u^^cd  for  measuring 
outside  dimensions,  as  shown  in  figure  1-31,  The 
illustration  shows  how  the  outside  caliper  can  be  used  to 
measure  diameters  such  as  the  diameter  of  a  round  stock;  it 
also  shows  how  the  caliper  can  be  set  to  a  desired 
measurement  and  the  stock  checked  for  conformance  with 
specifications.  In  order  to  prevent  errors  in  measurement, 
hold  the  legs  of  the  caliper  at  right  angles  to  the  object  being 
measured. 

Inside  calipers.  The  inside  calipers,  shown  in  figure  1- 
32,  have  curved  legs  for  measuring  inside  diameters  of 
holes,  the  distances  between  two  surfaces,  the  width  of 
slots,  and  other  similar  jobs.  Notice  how  the  legs  of  the 
inside  calipers  differ  from  the  legs  of  outside  calipers.  The 
illustration  shows  how  inside  calipers  should  be  held  at 
right  angles  to  the  cylinder  being  measured.  If  they  arc  held 
in  a  position  labeled  ''wrong/'  the  measurement  will  be 
incorrect.  Inside  calipers  may  be  used  to  measure  distances 
or  to  check  an  opening  for  a  specified  size. 

Exercises  (406): 
1 ,   List  four  types  of  rules  used  in  metal  work. 


The  circumference  rule  is  flexible  so  that  it  can  be  bent 
around  curved  objects  in  order  to  deCennine  the 
distance  around  ihein,  (true  or  false?) 


List  the  measuring  device  most  fre^iuently  used  in  the 
metal  shop. 


5.   Calipers  arc  used  to  measure  distances  of 
inch  and  greater. 
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Figure  1-31.  Using  an  outside  caliper. 


4.  Why  must  a  coiTcclion  be  made  on  the  readout  of  a 
25-,  50-,  or  75-fuot  steel  rule? 


6.   List  3  types  of  calipers. 


7 .  What  information  can  be  obtained  from  the  lower  edge 
of  a  circumference  rule? 


8.   Why  does  the  blade  of  a  flexible  steel  tape  have  a 
slight  curvature? 


407.  Specify  the  parts  and  uses  of  a  combination  set  and 
a  framing  square. 

Combination  Set.  The  combination  set  shown  in  figure 
1-33  is,  as  its  name  indicates,  a  tool  that  has  several  uses.  It 
consists  of  a  rigid  steel  rule,  called  the  blade,  and  three 
attachments — the  square  and  miter  head,  the  turret 
protractor  head,  and  the  center  head.  Although  the 
illustration  shows  all  three  attachments  installed  on  the 
blade,  they  are  used  individually.  During  use,  only  one 
attachment  will  be  on  the  blade. 

The  blade  has  a  central  groove  to  permit  the  attachments 
to  be  moved  to  any  desired  setting  and  locked  in  that 
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Figure  1-32.  Using  an  inside  caliper. 
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Figure  1~33,  A  combination  set. 


position.  The  central  groove  is  not  visible  in  figure  1-33 
because  it  is  located  on  the  reverse  side  of  the  blade 
illustrated.  However,  in  figure  1-34,  the  central  groove  is 
shown  in  each  view  of  the  blade.  The  steel  blade  usually  is 
graduated  in  eighths,  sixteenths,  thirty-seconds,  and  sixty- 
fourths  of  an  inch;  it  may  be  pulled  out  of  the  attachments 
and  used  as  a  measuring  rule,  if  desired. 

When  only  the  square  and  miter  head  is  installed  on  a 
blade,  it  is  called  a  combination  square,  since  the  head  has 
90°  end  45°  angles.  Figure  1-34  shows  several  uses  of  the 
combination  square.  In  each  of  these,  the  square  and  miter 
head  has  been  moved  to  the  desired  position  on  the  blade 
and  locked  at  that  position  with  the  locking  nut.  Another 
convenient  feature  of  the  square  and  miter  head  is  the  spirit 
level,  since  it  often  is  necessary  to  square  one  piece  with 


another  and  at  the  same  time  tell  whether  one  or  the  other  is 
level  or  plumb.  Or,  if  desired,  the  square  and  miter  head 
can  be  used  as  a  simple  level.  As  a  further  convenience,  a 
small  scriber  is  contained  in  the  square  and  miter  head.  It  is 
removed  easily  for  use  in  marking  (scribing)  lines  on  metal. 

The  center  head,  shown  in  figures  1-33  and  1-34,  can  be 
used  to  scribe  a  line  through  the  center  of  a  circular  object 
or  to  measure  the  diameter.  Notice  how  one  edge  of  th^ 
blade  bisects  the  angle  of  the  center  head.  To  locate  the 
center  of  a  circular  object,  you  need  to  scribe  two  lines  as 
shown  in  figure  1-35,  The  center  is  the  place  where  the  two 
scribe  lines  intersect.  Hold  the  heads  of  a  combination  set 
snugly  against  the  object  being  marked. 

The  turret  protractor  head,  shown  in  figure  1-33,  is 
graduated  in  360°  and  can  be  used  to  determine  the  number 
of  degrees  in  an  unknown  angle,  to  construct  angles  of 
known  degrees,  or  to  transfer  and  lay  out  identical  angles. 
In  the  terminology  of  sheet  metal  working  terminology,  the 
words  **angle"  and  **bevel"  often  are  used 
interchangeably.  For  example,  a  long  section  of  gravel 
guard,  for  the  edge  of  a  flat  roof,  will  have  a  V-shaped 
groove  for  a  stiffener.  When  making  the  angles  of  groove 
on  a  cornice  brake,  you  may  hear  them  referred  to  as  angles 
or  bevels.  The  turret  protractor  can  be  used  to  duplicate 
bevels  such  as  these  V-shat)ed  grooves  of  gravel  guards. 

Framing  Square.  The  steel  framing  square,  shown  in 
figure  1-36,  often  is  used  in  sheet  metal  work.  It  also  is 
known  as  a  rafter  square  and  a  carpenter's  square;  however, 
in  your  shop  it  most  likely  will  be  called  a  square.  Although 
it  has  many  specialized  uses  and  is  available  with  various 
graduations,  its  principal  value  to  you  is  in  making  layouts, 
for  checking  the  squareness  of  comers,  for  measuring 
distances  under  24  inches,  and  for  determininr^  the  pitch  of 
roofs.  In  figure  1-36,  you  can  see  the  parts  of  the  framing 
square — the  body,  which  usually  is  24  inches  long  and  2 
inches  wide;  the  tongue,  which  usually  is  16  inches  long 
and  V/z  inches  wide;  and  the  90°  heel.  One  side  of  the 
square  is  called  the  face  and  the  other  side  is  called  the 
back.  It  is  common  for  the  face  to  be  graduated  in  eighths 
and  sixteenths  of  an  inch  and  the  back  to  be  graduated  in 
tenths  and  twelfths  of  an  inch. 

One  of  the  jobs  of  a  sheet  metal  specialist  is  to  fabricate 
and  replace  roof  jacks,  A  roof  jack,  as  shown  in  figure  1-37, 
is  a  sheet  metal  component  which  seals  a  chimney, 
stovepipe,  or  stack  to  a  roof.  The  lower  end  of  the  roof  jack 
is  cut  to  the  same  angle  as  the  slope  (pitch)  of  the  roof.  This 
lower  end  is  fastened  to  a  square  sheet  of  metal  called  the 
base.  Now,  cutting  the  roof  jack  to  the  same  pitch  as  the 
roof  is  important,  if  it  is  to  stand  erect  without  leaning. 
Thus,  your  problem  is  to  determine  the  pitch  of  the  roof, 
which  will  also  be  the  angle  to  make  the  roof  jack.  One  of 
the  ways  to  determine  the  pitch  of  the  roof  is  to  use  a 
framing  square  and  a  level,  as  shown  in  tlgure  1-37,  The 
body  of  the  square  is  leveled  and  the  12-inch  mark  placed 
on  the  roof  line.  The  reading  on  the  tongue  will  be  the  drop 
in  12  inches.  In  the  illustration,  the  roof  drops  5  inches 
every  12  inches.  These  two  calculations  are  significant 
because  in  this  example  the  pitch  of  the  roof  is  5-12.  (This 
also  can  be  expressed  as  a  5-foot  drop  in  12  feet.)  For  the 
purposes  of  making  the  roof  jack,  the  square  also  can  be 
used  to  make  the  pattern  with  the  corresponding  5-12  pitch. 


ERIC 


MCASURtNG     AN     ODD      SHAPCD  PICCC 

CHCCKING     A     RIGHT  ANGLt 

Figure  1-34.  Several  uses  of  the  combination  set. 


After  the  roof  jack  has  been  fabricated,  the  framing  square 
can  be  used  to  verify  that  the  pitch  is  correct. 

Another  use  of  the  square  is  for  finding  the  opposite  point 
on  the  circumference  of  a  circle.  This  method  is  useful 
when  locating  holes  for  round  duct  dampers,  placing  ears 
on  pails,  etc.  In  figure  1-38,  assume  that  we  want  to  find  a 
point  opposite  of  point  A.  With  the  tongue  of  a  square 
located  on  point  A  and  the  heel  placed  at  any  other  point  on 


the  circumference,  such  as  point  C,  the  body  will  cross  the 
circle  at  point  B,  which  is  directly  opposite  point  A,  A 
second  exaiiiple,  illustrated  by  the  dashed  lines,  shows  that 
the  heel  of  the  square  can  be  located  at  any  convenient  point 
on  the  circumference  of  the  circle. 

Exercises  (407): 
1 .  List  the  four  parts  of  the  combination  set. 


2,  Of  what  parts  does  the  combination  square  consist? 


3.  List  the  parts  of  a  framing  square. 


4.  What  tool  is  used  to  locate  points  on  a  circle  that  are 
opposite  each  other? 


Figure  1-35.  Use  of  center  head.  246 
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Figure  1-36,  Framing  square. 


5.   What  are  the  principle  uses  of  a  framing  square? 


6,   How  do  the  mcasuicinents  on  the  face  and  the  back  of 
a  framing  square  differ? 


7,  Which  head  of  tne  combination  set  can  be  used  to 
determine  the  number  of  degrees  in  an  unknown 
angle? 


408.  Identify  layout  tools 
statements  with  the  tool. 


by  matching  descriptive 


Layout  Tools.  You  have  just  studied  the  measurir.g  tools 
used  in  sheet  metal  work;  now  let's  consider  related  items 
called  layout  tools.  Some  layout  tools  are  used  for  both 
measuring  and  layout  operations.  One  example  is  the 
framing  square,  which  is  used  for  laying  out  right  angles  as 
well  as  for  measuring.  In  the  following  paragraphs,  we  will 
discuss  layout  tools  found  primarily  in  the  shop,  such  as  the 
level,  T-square,  triangles,  dividers,  pencil  compass,  and 
architect's  scale,  to  name  a  few.  Let's  begin  with  the  level, 
since  you  already  have  learned  that  it  is  used  with  a  framing 
square  to  determine  the  pitch  of  a  roof. 

Level.  The  level  shown  in  figure  1-39  is  typical  of  most 
levels,  although  others  may  be  longer  or  shorter  or  may  be 
made  of  wood.  All  levels  have  one  or  more  glass  vials  that 
are  tubular  in  shape  and  bent  in  a  slight  arc.  The  vial  with 
closed  ends  contains  fluid  (usually  alcohol)  and  a  bubble  of 
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Figure  1-38.  LtKating  the  opposite  side  of  a  circle  with  a  square. 


air;  and  when  the  level  is  held  horizontally,  the  bubble  of 
air  will  move  to  the  highest  point  of  the  arc.  The  glass  is 
etched  (marked)  at  this  highest  point,  as  shown  in  the 
illustration.  The  vial  is  then  accurately  installed  in  a  frame 
so  that  when  the  frame  is  level,  the  bubble  will  cente ;  itself 
between  the  two  etched  marks. 

The  level,  illustrated  in  figure  1-39,  has  six  vials — two 
for  horizomal  leveling  and  four  for  vertical  plumb.  (Level 
means  parallel  with  the  horizon,  and  plumb  means 
perpendicular  to  the  horizon.)  The  enlarged  detail  in  the 
illustration  shows  how  the  vials  are  mounted  in  pairs  so  that 


leveling  can  be  made  with  either  side  or  either  end  of  the 
level. 

In  sheet  metal  work,  you  will  frequently  use  the  level  for 
determining  the  level  or  plumb  condition  of  components 
being  installed  or  for  checking  the  condition  of  components 
already  installed.  For  example,  you  may  be  checking  a  duct 
to  see  if  it  is  level,  or  you  may  have  to  make  a  level 
installation  of  a  duct. 

Architect's  scale.  When  referring  to  a  drawing  made  to 
scale,  you  use  the  architect's  scale  to  indicate  the  ratio  of 
the  size  of  the  view  as  drawn  to  the  true  dimensions  of  the 
object.  When  full-size  drawings  are  not  practicable, 
drawings  will  be  made  to  either  reduced  or  enlarged  scales. 
Enlarged  scales  may  be  used  when  the  actual  size  of  the 
object  is  so  small  that  fulUsize  representation  would  not 
clearly  represent  the  features  of  the  object. 

An  architect's  scale  is  used  for  almost  all  drawings.  The 
triangular  scale,  shown  in  figiu^  1-40,  is  standard  and 
contains  1 1  scales.  Six  scales  read  from  the  left  end  and  five 
scales  read  from  the  right  end.  The  various  scales  are 
arranged  so  that  inches  and  fractions  of  inches  represent  1 
foot.  Thus,  drawings  can  be  made  to  proportion,  such  as  1/4 
size  (3"  =  r  -  0")  and  1/48  size  (1/4  =  1'  -  0").  On  all 
scales  except  the  full  scale,  the  end  unit  is  divided  to 
represent  inches  and  fractions  of  inches.  Scales  arranged 
this  way  are  called  open  divided. 

If  an  object  is  too  large  to  be  drawn  full  size,  it  can  be 
drawn  in  reduced  proportion.  This  frequently  is  done  on 
blueprints  and  working  drawings  of  the  sheet  metal 
components  that  you  will  be  fabricating  and  installing. 
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Figure  1-40.  Architect's  scale. 


When  using  an  architect's  scale,  you  should  form  the 
habit  of  reading  across  (on  the  far  side  oO  the  scale,  so  as 
you  read  the  numbers  they  are  not  upside  down,  and  read 
the  scale  dimensions  as  real  dimensions.  Notice  in  figure 
1-40  that  only  the  ends  are  shown.  One  scale  starts  on  the 
left  and  one  on  the  right.  Each  scale  has  a  0  (zero)  as  the 
starting  point.  From  the  0  toward  the  end  of  the  scale,  the 
markings  represent  fractions  of  a  foot  (inches).  From  0 
toward  the  center  of  the  scale,  the  marks  represent  feet. 
Look  at  the  1/2  scale  in  figure  1-40.  Locate  marks 
representing  4'8".  Check  your  work  with  a  rule  or  tape.  The 
distance  (in  this  example  only)  should  be  3  W.  Did  you  get 
it  right?  Remember,  when  reading  open-divided  scales,  feet 
are  read  from  0  toward  the  inside  of  the  scale  and  inches  are 
read  form  zero  toward  the  outside  (end)  of  the  scale.  When 
laying  off  a  measurement  from  a  given  point,  place  the 
proper  foot  graduation  on  the  given  point  and  place  a  pencil 
mark  opposite  the  graduation,  representing  the  required 
number  of  inches. 

Accuracy  in  measuring  requires  sighting  the  scale 
perpendicularly  by  placing  the  eye  directly  over  the 
graduation  being  marked,  and  holding  the  pencil 
perpendicular  to  the  paper  directly  in  front  of  the 
graduation.  Remember  that  cumulative  errors  can  make 
measurements  grow  into  something  that  will  not  fit. 

Figure  1-41  shows  an  enlarged  portion  of  the  quarter 
scale  (l/4"-l ').  Notice  that  the  inch  scale  to  the  right  of  the 
zero  mark  is  marked  off  in  12  increments,  each  representing 
on  inch.  For  example,  the  scales  on  an  architect's  scale 
include  3/32",  3/16",  1/8",  1/4",  3/8",  1/4".  3/8",  2/4",  1/2", 
1",  1  Vi",  3",  and  12".  Each  of  these  scales  equals  one  foot 


(3/16"  =  T).  When  measuring  with  an  architect's  scale, 
remember  to  think  full  size  and  read  the  larger  graduations 
from  zero  as  feet  and  the  small  increments  on  the  other  side 
of  zero  (toward  the  end)  as  inches. 

Pencil  compass  and  dividers.  The  two  dividers  shown  in 
figure  1-42  are  the  wing  type  and  the  spring  type.  Each 
consists  of  two  pointed  branches  or  legs,  joined  at  the  top 
by  a  pivot.  The  two  straight  legs  are  tapered  to  a  needle 
point.  Dividers  are  used  to  transfer  dimensions  from 
working  drawings  to  metal  surfaces,  to  scribe  circles  and 
arcs,  to  perform  graphic  solutions  to  problems,  and  to 
transfer  measurements  from  the  steel  rule  to  the  job. 
However,  more  accuracy  is  obtained  in  transfers  of 
measurements  with  dividers  than  with  a  compass. 

To  draw  an  arc  or  circk  with  either  dividers  or  a 
compass,  hold  the  thumb  attachment  on  top  with  the  thumb 
and  forefinger.  With  pressure  exerted  on  both  legs,  swing 
in  a  clockwise  direction  and  draw  the  desired  arc  or  circle, 
as  shown  in  figure  1-43.  The  tendency  to  slip  is  avoided  by 
inclining  the  compass  or  dividers  in  the  direction  in  which 
they  are  being  rotated.  On  aluminum  or  stainless  steel,  the 
divider  is  used  only  to  scribe  arcs  or  circles  that  will  later  be 
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Figure  I-4I.  Architect's  quarter  scale. 
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Figure  1-42.  Dividers. 


removed  by  cutting;  all  other  arcs  or  circles  should  be 
drawn  with  a  pencil  compass  to  avoid  scratching  the 
material. 

The  following  procedure  is  suggested  for  using  dividers 
and  compasses  to  transfer  measurements  from  a  steel  rule. 
To  set  either  one,  hold  it  in  one  hand,  plaCe  the  point  of  one 
leg  in  the  graduations  on  the  steel  rule  (as  shown  in  fig.  1- 
44),  and  adjust  the  other  leg  until  the  point  rests  on  the 
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desired  graduation  of  the  steel  rule.  This  spread  represents 
the  required  measurements  which  may  be  transfered  to 
patterns  or  metal.  In  the  following  paragraphs,  you  will 
Icam  how  the  compass  and  dividers  are  used  to  perform 
graphic  solutioas  that  will  be  useful  in  laying  out  patterns 
for  sheet  metal  objects. 

In  addition  to  scribing  arcs  and  transferring 
measurements,  compasses  and  dividers  can  be  used  for  such 
opei  ns  as  stepping  off  the  circumference  of  a  circle  into 
equal  parts,  as  you  did  when  constructing  polygons.  But 
now  let's  think  about  ways  these  handy  layout  tools  can  be 
used,  such  as  in  graphic  solutions  which  do  not  require 
arithmetic  figuring.  In  sheet  metal  work,  you  frequently 
will  need  to  lay  out  circles,  diameters,  radii,  perpendicular 
lines,  various  polygons,  etc. 

In  figure  1-45,  you  can  see  how  a  line  can  be  bisected 
(divided  into  two  equal  pauis).  Of  course,  the  line  could  be 
measured  with  a  rule  and  mathematically  divided  into  two 
parts,  but  it  also  can  be  bisected  with  a  compass  or  a 
divider.  To  divide  line  AB  into  two  equal  parts,  use  the 
compass  to  form  a  radius  greater  than  one  half  of  line  AB, 
and  draw  two  arcs  with  A  and  B  as  the  centers.  Then,  draw 
a  straight  line  through  the  two  intersections  of  the  arcs  to 


Figure  i-43.  Pencil  compass. 


Figure  1-44.  Transferring  measurements  with  dividers. 


divide  line  AB  into  two  equal  parts.  This  line  also  is 
perpendicular  to  line  AB. 

In  figure  1-46,  you  can  see  how  a  perpendicular  can  be 
drawn  from  a  given  point  on  a  line.  With  a  point  C  as  a 
center,  draw  two  arcs  crossing  the  horizontal  line  at  A  and 
B;  then,  draw  two  arcs  with  points  A  and  B  as  centers.  The 
line  drawn  from  C  and  D  will  be  perpendicular  to  the 
horizontal  line  at  point  C. 

Figure  1-47  shows  how  to  draw  a  line  parallel  to  a  given 
line.  Firsty  draw  two  perpendiculars  from  points  A  and  B; 
then,  with  points  A  and  B  as  centers  and  any  given  radius 
(the  distance  between  the  parallel  lines),  draw  two  arcs  CD 
and  EF.  .A  line  drawn  from  points  G  through  H  will  be 
parallel  to  line  AB. 

Figure  1-48  shows  how  any  angle  can  be  bisected.  With 
O  as  a  center  and  using  any  radius,  draw  the  arc  AB.  Then, 
using  points  A  and  B  as  centers,  draw  two  arcs  that  meet  at 
point  C,  Now,  a  line  drawn  between  points  O  and  C  will 
bisect  the  angle  AOB. 

Figure  1-49  shows  how  to  find  the  center  of  a  circle.  This 
is  done  by  drawing  two  chords  such  as  AB  and  CD,  then 
bisecting  each  with  perpendicular  lines.  The  two 
perpendiculars  will  cross  at  the  center  of  the  circle. 

Figure  1-50  shows  how  two  parallel  lines  are  connected 
with  an  ogee  (S)  curve.  This  is  done  by  first  connecting  B 
and  C  with  a  straight  line,  then  selecting  a  point  such  as  E 
through  which  tlie  curve  is  to  pass.  Lines  BE  and  CE  are 
each  bisected  and  two  arcs  constructed:  arc  BE  from  center 
point  F  and  arc  CE  from  center  point  G,  These  two  arcs 
connect  the  parallel  lines  AB  and  CD.  In  sheet  metal  work, 
you  will  use  ogee  bands  in  rain  gutters,  the  side  pieces  for 
duct  offsets,  and  anywhere  sheet  metal  is  formed  into  a 
reverse  or  S  curve. 

Figure  1-51  shows  how  a  pentagon  may  be  constructed 
inside  a  circle.  First,  draw  a  diameter  line  AB  with  radius 
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Figure  1-45.  Bisecting  a  line  and  drawing  a  perpendicular. 
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Figure  1-^6.  Drawing  a  perpendicular  to  a  straight  line  at  a  given  point. 
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Figure  1-47,  Drawing  a  line  parallel  to  a  given  line. 

line  OC  peq^endicular  to  it.  Line  OB  is  bisected  with  point 
D  at  the  center.  Draw  arc  CE  from  center  D.  Then,  draw  arc 
EF  from  center  C,  The  radius  CF  is  the  length  of  each  of  the 
five  sides,  which  may  be  stepped  off  and  connected  with 
chords. 

To  insciibe  any  regular  polygon  in  a  circle,  scribe  the 
diameter  AB  and  divide  it  into  as  many  equal  parts  as  there 
are  sides  to  the  polygon.  (In  fig,  1-52  there  are  seven  sides 
to  the  polygon.)  Starting  at  B,  identify  point  No,  1  (the 
second  point  on  the  diameter). 

With  A  and  B  as  centers  and  a  radius  equal  to  AB,  scribe 
intersecting  arcs  at  C.  Draw  a  line  from  C  through  point  1 
on  the  diameter,  extending  to  the  circumference  of  the 
circle  at  2. 

A  line  drawn  from  2  to  B  is  one  side  of  the  polygon. 
Follow  this  same  procedure  for  a  polygon  of  any  number  of 
sides. 

Knowing  the  length  of  one  side,  you  can  construct  a 
regular  polygon  of  any  number  of  sides,  by  following  these 
six  simple  steps  and  following  the  steps  in  figure  1-53. 

(1)  With  the  sides  AB  as  radius  and  A  as  center,  draw  a 
sen4icircle,  and  divide  it  into  the  number  of  equal  parts  as  to 
the  number  of  side's,  in  this  case  seven. 

(2)  Through  the  second  division  from  the  left,  draw  radial 
line  A-2, 

(3)  Through  points  3,4,5,  and  6,  extend  radial  lines  as 
shown. 
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Figure  1-49,  Locating  the  center  of  a  circle. 


(4)  With  AB  as  radius  and  B  as  center,  cut  line  A~6  at  C. 

(5)  With  C  as  center  of  the  same  radius,  cut  A~5,  at  D, 
and  so  on,  at  E  and  F, 

(6)  Connect  the  points  obtained. 

Figure  1-54  shows  how  a  hexagon  may  be  constructed 
inside  a  circle.  With  points  A  and  B  as  centers,  draw  two 
arcs  equal  to  the  radius.  The  points  where  these  arcs  cross 
the  circle  will  be  the  comers  of  the  hexagon  when  chords 
are  drawn  between  AC,  CD,  BD,  BF,  EF,  and  AE. 

Figure  1-55  shows  how  a  square  can  be  drawn  inside  a 
circle  by  dividing  the  circle  into  quarters  with  two 
diameters  at  right  angles  to  each  other.  When  points  A,  B, 
C,  and  D  are  connected  with  chords,  a  square  is  formed. 

Figure  1-56  shows  how  an  octagon  can  be  drawn  inside  a 
circle  by  dividing  the  circle  into  quarters  and  bisecting  an 
angle  such  as  AOC.  The  length  of  chord  AE  will  be  the 
same  as  each  of  the  eight  sides  stepped  off  with  the 
compass.  Each  point  is  then  connected  with  chord  lines. 
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Figure  1-48,  Bisecting  an  angle. 


Figure  1-50,  Drawing  ogee  curves. 
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Figure  1-51,  Drawing  a  pentagon  inside  a  circle. 

Many  other  graphic  solutions  are  possible  with  the  us-  of 
a  compass  or  dividers;  however,  the  10  examples  discussed 
in  the  precedmg  paragraphs  will  be  used  most  often  Your 
knowledge  of  these  basic  uses  will  lead  to  various  other 
combmations  that  may  arise  in  laying  out  patterns  for  sheet 
mtial  objects.  Later,  you  will  find  additional  use  for  the 
compass  and  dividers  for  graphic  solutions  in  the 
development  and  layout  of  sheet  metal  patterns, 

T-square  and  triangles.  Figure  1-57  shows  two  triangles 
and  a  T-square  on  a  drawing  board.  The  T-square  shown 


Figure  1-52.  Inscribe  any  regular  polygon  in  a  circle. 


Figure  1-53.  To  construct  any  regular  poly^ron  from  a  given  side. 

has  a  head  made  of  wood  and  a  blade  made  of  wood  with 
transparent  plastic  edges.  These  edges  are  used  as  a  straight 
edge  for  marking  horizontal  lines  and  as  a  base  line  for  the 
triangles.  With  the  T-square  held  firmly,  it  is  easy  to  draw 
30°.  45°.  60°.  and  90°  angles  from  the  base  line.  These 
layout  tools  will  be  very  useful  when  you  are  making 
patterns  and  layouts,  since  many  sheet  metal  components 
are  drawn  with  straight  lines.  Triangles  usually  are  made  of 
plastic  and  are  available  in  various  sizes.  The  8-  to  12-inch 
sizes  are  suitable  for  most  sheet  metal  pattern  development. 
Protractor,  It  is  sometimes  necessary  to  measure  or  draw 
angles  other  than  the  common  30°,  45°,  60°.  or  90°  variety. 
When  this  need  arises,  a  protractor  like  the  one  shown  in 
figure  1-58  can  be  used.  The  protractor  is  a  semicircular 
scale  divided  into  180  equal  parts  (180°),  It  usually  is  made 
of  plastic,  and  it  is  used  for  drawing  and  measuring  angles. 
Its  function  is  similar  to  that  of  the  turret  protractor  head  of 
the  combination  set  that  you  studied  earlier  in  this  chapter, 
except  that  a  protractor  lies  flat  and  is  used  on  the  drawing 


Figure  1-54,  Drawing  a  hexagon  inside  a  circle. 
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Figure  1-55.  Drawing  a  square  inside  a  circle. 

board  or  pattern  layout  table  with  a  T-square.  Notice  in  the 
illustration  that  the  protractor  has  two  scales;  and  at  a  point 
near  the  pencil,  you  can  see  a  calibration  where  100°  and 
80*"  are  at  the  samp  location.  If  you  examine  all  such 
numbered  calibrations,  you  will  fmd  that  the  two  at  each 
location  can  be  added  together  for  a  sum  of  180°.  Two 
scales  are  the  equivalent  of  a  left  and  a  right  protractor 
combined.  To  measure  or  dra\y  an  angle  with  a  protractor, 
the  index  point  located  on  the  base  line  (near  the  left-hand 
index  finger  in  the  illustration)  is  used  at  the  vertex  of  the 
angle.  For  example,  if  the  base  line  of  the  protractor  is 
placed  on  a  straight  line  and  another  line  is  drawn  from  the 
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Figure  1-56.  Drawing  an  octagon  inside  a  circle. 


Figure  1-58.  Protractors. 
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Figure  1-59.  Using  an  inegularor  French  curve. 
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index  point  to  the  100°  and  80°  point »  the  smaller  angle  on 
the  right  will  be  80°,  and  the  larger  angle  on  the  left  will  be 
100°. 

Irregular  curves  are  plastic  devices  sometimes  called 
French  curves;  they  are  used  to  draw  lines  with  irregular 
curvature.  The  devices  are  available  in  various  shapes  and 
sizes,  but  all  are  used  in  a  similar  manner.  In  figure  1-59, 
the  irregular  curve  is  being  used  to  connect  points  on  the 
grid.  Notice  that  the  curvature  needed  to  connect  the  last 
two  points  will  not  be  the  same  as  the  curvature  that 
connected  the  other  points. 

Trammel  points.  Sometimes  ordinary  dividers  are  not 
large  erough  for  a  paiticular  application.  In  this  case,  you 
use  a  set  of  trammel  points  such  as  the  one  shown  in  figure 
1-60,  Trammel  points  sometimes  are  called  beam 
compasses  and  are  used  to  lay  out  large  circles  and  arcs  or 
to  transfer  dimensions  from  one  location  to  another.  The 
trammel  points  shown  in  figure  1-60  are  typical,  although 
others  may  have  a  different  shaped  adjustment  screw  and  a 
round,  flat,  square,  or  triangular-shaped  bar  which  may  or 
may  not  be  calibrated  in  feet  and  inches.  The  information 
you  have  just  learned  concerning  transferring 
measurements  and  graphic  solutions  with  compasses  and 
dividers  also  will  apply  to  the  use  of  trammel  points. 

Plumb  line.  A  plumb  line  like  that  shown  in  figure  1-61 
consists  of  a  weight  hung  at  the  end  of  a  line  to  determine 
whether  a  wall  downspout,  etc,  is  vertical.  The  word 
"plumb"  also  means  vertical;  therefore,  a  plumb  line  is  a 
vertical  line.  One  of  the  uses  you  will  find  for  plumb  lines  is 
to  establish  a  vertical  reference  line  when  installing  rain  or 
gutter  downspouts  on  the  sides  of  the  buildings.  Plumb  lines 
normally  are  used  when  installing  long  vertical  objects,  and 
a  carpenter's  level  is  used  for  determining  vertical  plumb  of 
shorter  objects.  The  pointed  weight  of  a  plumb  line  is  called 
the  plumb  bob  and  usually  is  made  of  brass  or  coated  steel. 
Plumb  bobs  have  various  means  for  attaching  to  the  line; 
however,  the  plumb  bob  illustrated  in  figure  1-61  simply 
has  a  hole  through  which  the  line  is  passed  and  tied.  When 
an  object  is  not  vertical,  it  may  be  called  out  of  plumb  or  off 
plumb. 

Chalk  line,  A  chalk  line  as  used  in  the  building  trades  is  a 
length  of  heavy  cotton  cord  stretched  between  two  points  to 
provide  a  straight  reference  line  for  installation  of  such 
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Figure  1-61.  Plumb  line. 

items  as  roofing,  sliding,  gutters,  ducts,  etc.  Chalk  lines 
are  available  in  various  lengths  and  are  contained  in  a  reel 
that  also  holds  chalking  powder.  The  reel  has  a  crank  used 
to  wind  in  the  line  on  the  reel  and  a  cap  for  checking  and 
filling  with  chalk.  Don't  mix  colors  of  chalk.  Be  sure  to 
maintain  the  reel  one-half  full  or  more  for  adequate 
rechalking.  Chalk  is  available  in  several  colors  and  comes 
in  powder  form.  Changing  colors  is  not  recommended  but 
may  be  necessary  for  a  specific  job.  To  use  a  chalk  line, 
tightly  stretch  it  between  two  points  and  snap  the  string  (at 
or  near  center,  lift  the  line  8-10  inches  and  let  it  snap  back 
to  the  surface  being  marked).  A  chalk  line  can  be  used  as  a 
reference  line  that  is  level,  vertical,  or  with  a  drop,  such  as 
for  a  gutter  that  is  designed  to  make  water  drain  toward  a 
downspout. 


Exercises  (408): 

1.  Match   the   layout  tools   in  column  B  with 
identifying  phrases  in  column  A. 
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Figure  1^,  Trammel  points. 


Column  A 

(1)  Has    two    pointed  branches 
joined  at  the  top  by  a  pivot. 

(2)  Used  when  ordinary  dividers  are 
too  small. 


Column  B 

a.  Chalk  line. 

b.  Plumb  line. 

c.  Trammel  points. 

d.  Irregular  curves. 
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Column  B 

e.  Templates. 

f.  Protractor. 

g.  Pencil  compass  and 
divider. 

h.  Architects*  scale. 

i.  Level. 

j.  T-square  and  trian- 
gles. 


Column  A 

(3)  Used  to  draw  30%  45%  60%  90° 
angles. 

(4)  Stretched  between  two  points  to 
provide  a  reference  line. 

(5)  Used  to  measure  or  draw  angles 
other  than  30%  45%  and  60% 

(6)  Used  to  check  horizontal  or 
vertical  alignment  of  installed 
components. 

(7)  Have  scales  for  measuring 
reduced  proportions. 

(8)  Patterns  that  are  used  repeat- 
edly. 

(9)  Used  to  determine  if  a  down- 
spout is  vertical. 

(10)  Used  to  connect  points  not  in  a 
straight  line. 


1-3.  Sheet  Metal  Layout 

As  a  sheet  metal  specialist,  you  will  be  using  the  different 
methods  of  layout  to  make  flat  patterns  from  working 
drawings  and  blueprints.  Flat  patterns  are  developed,  using 
one  or  more  of  three  layout  methods — parallel  line  method, 
radial  line  method,  and  triangulation  method. 

These  different  layout  methods  are  needed  to  develop  flat 
patterns  for  different  shapes  of  sheet  metal  components. 
For  example,  to  select  a  layout  method,  you  need  to  know 
why  true  lengths  are  different  from  tapered  lengths;  why 
parallel  lines  are  used  to  lay  out  square  and  rectangular 
ducts;  why  triangles  are  important  when  laying  out 
transitions;  and  why  radial  lines  are  used  when  laying  out 
cone-shaped  or  pyramid-shaped  components.  These  layout 
methods  are  important  to  you,  since  they  will  be  used  to 
develop  patterns  when  you  fabricate  new  or  replacement 
components. 

The  layout  methods  learned  in  this  section  will  be  used 
later  in  this  course  when  you  study  the  fabrication. 


installation,  and  repair  of  sheet  metal  components.  In  the 
fabrication  and  repair  of  different  components,  you  will  be 
developing  patterns  for  such  items  as  round  ducts,  square 
ducts,  rectangular  ducts,  elbows,  offsets,  ventilators,  and 
transitions.  First,  let  us  consider  how  to  make  flat  patterns 
from  working  drawings 

409.  State  the  basic  requirement  for  making  a  flat 
pattern,  and  list  the  three  layout  methods. 

Making   Patterns   for   Sheet  Metal  Components. 

Working  drawings,  in  most  cases,  are  drawings  that  you, 
your  supervisor,  or  a  draftsman  have  made  from  prints, 
from  sketches,  or  from  a  component  that  is  to  be  replaced. 
Good  drawings  include  correct  and  accurate  measurements, 
which  are  essential  if  you  are  to  make  an  accurate  layout. 

When  you  are  laying  out  a  pattern  for  a  component, 
regardless  of  the  source  of  its  description,  you  will  need  to 
determine  the  layout  method  to  be  used.  A  drawing  or  print 
will  show  the  dimensions  of  the  component;  however,  if  a 
drawing  is  not  available  and  a  duplicate  or  like  item  is  to  be 
made,  you  will  have  to  take  measurements  and  make  a 
sketch  of  the  component  on  a  piece  of  paper.  The  sketch 
should  include  all  needed  descriptive  information. 

When  using  a  blueprint  or  working  drawing,  you  can  get 
a  description  of  the  item  from  the  plan  view  and/or 
elevation  view.  .If  the  component  is  shown  only  in  the  plan 
view  or  the  elevation  view,  the  measurement  will  give  a 
good  description.  However,  if  detail  views  are  shown  on  a 
drawing  or  print,  they  will  illustrate  the  component  much 
better. 

Obtaining  measurements  and  a  description  of  the 
component  is  the  first  step  in  making  a  flat  pattern.  This  is 
where  the  blueprint  or  drawing  is  important,  since  it  is  the 
guide  for  developing  patterns  for  the  components  to  be 
made.  In  this  chapter,  you  will  learn  how  other  plan  views 
and  elevation  views  are  used  to  develop  flat  patterns  for 
sheet  metal  components. 
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Figure  1-62.  Parallel  line  pattern  development  for  a  rectangular  duct. 
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Flat  Pattern  Layouts*  Flat  pattern  layouts  are  drawings 
that  show  the  shape  of  components  in  the  flat  or  stretched 
out  position.  You  studied  many  kinds  of  figures  such  as 
triangles,  squares,  rectangles,  prisms,  cones,  and  pyramids. 
Now  in  figure  1-62,  view  A,  you  can  see  a  section  of  a 
rectanglular  sheet  metal  duct.  View  B  shows  a  flat  pattern 
or  stretchout  of  the  same  duct.  Note  that  the  stretchout  is  a 
series  of  rectangles.  In  figure  1-63,  you  can  see  the 
stretchout  of  a  square  duct.  In  figure  1-64,  view  A,  you  can 
see  the  half  plan  and  elevation  views  of  a  round  duct,  and  in 
view  B  the  stretchout  of  a  round  duct  (cylinder). 

Patterns  for  rectangular,  round,  and  square  ducts  are 
developed  through  use  of  the  parallel  line  method.  Cone- 
and  pyi^mid- shaped  components  are  developed  through  use 
of  the  radial  line  method.  Transitions  such  as  square  to 
round  and  rectangular  to  round  are  developed  through  use 
of  the  triangulation  layout  method. 

When  laying  out  patterns  of  objects  (such  as  straight 
ducts  that  are  round,  square,  or  rectangular),  a  parallel  line 
stretchout  (figs.  1-62,  1-63,  and  1-64)  can  be  used  to  show 
the  shape  of  the  part.  However,  this  simple  type  of 
stretchout  cannot  be  used  to  lay  out  round,  square,  or 
rectangular  objects  that  are  larger  on  one  end  than  the  other. 
These  more  complex  flat  pattern  layouts  involve  additional 
layout  methods  such  as  the  radial  line  method  and 
triangulation  method,' The  three  methods  are  discussed  in 
more  detail  in  the  following  paragraphs. 

When  developing  patterns  using  the  three  layout 
methods,  you  will  be  using  layout  tools  you  learned  about 
earlier,  such  as  T-square,  triangle  divider,  compass,  and 
drawing  board. 

Exercises  (409): 
1 .  What  is  the  first  step  in  making  a  flat  pattern? 
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2.  List  the  three  layout  methods. 


3.  When   making  a   sketch  of  a  component,  what 
information  should  you  include? 


410.  State  some  of  the  key  points  and  rules  of  parallel 
line  layout* 

Parallel  Line  Layout  Method*  The  parallel  line  method 
of  layout  is  used  to  develop  patterns  for  components  that 
have  parallel  sides.  True  lengths  of  elements  play  an 
important  part  in  parallel  line  development.  Element  lines, 
as  shown  in  figures  1-63  and  1-64,  are  equally  spaced  lines 
used  to  layout  the  pattern.  In  parallel  line  development,  all 
element  lines  are  parallel  or  perpendicular  to  each  other. 
The  length  of  the  duct  section  (or  true  length)  is  indicated 
by  the  length  of  the  element  lines.  True  length  does  not 
include  the  seam  allowances. 

Now,  let's  develop  patterns  for  the  square,  round,  and 
rectangular  ducts,  starting  with  view  A  in  figure  1-62,  As 
you  see,  sides  ab  and  cd  are  the  same  width,  and  be  and  da 
are  the  same  width.  To  lay  out  a  pattern  for  view  A,  the 
length,  height,  and  width  of  the  four  sides  arc  needed. 
Suppose  the  duct  measurements  are  24  inches  wide,  12 
inches  high,  and  36  inches  long  (24"  x  12"  x  36"  long).  The 
flat  pattern  is  laid  out  by  drawing  a  straight  line  (stretchout) 
equal  to  the  perimeter  of  the  four  sides.  Element  line  a  on 
the  left,  which  is  36  inches  long,  is  drawn  perpendicular  to 
the  stretchout  line.  Element  line  b  is  drawn  24  inches  from 
element  line  a  and  parallel  to  element  line  a.  Element  line  c 
is  drawn  12  inches  from  element  line  d  and  parallel  to 
element  line  d.  All  the  element  lines  are  36  inches  long  (the 
true  length  of  the  duct).  The  element  lines  should  be  joined 
across  the  top  to  complete  the  pattern.  It  is  a  good  practice 
to  check  the  pattern  for  correct  dimensions  and  squareness 
after  it  has  been  developed.  This  pattern  can  be  formed  into 
a  rectangular-shaped  duct  by  breaking  90""  (bending  the 
metal)  at  element  lines  b,  c,  and  d. 

Figure  1-63  shows  the  stretchout  of  a  square  duct.  The 
parallel  line  layout  method  is  used  to  develop  square  duct 
patterns  the  same  as  those  for  rectangular  ducts.  The 
stretchout  length  is  the  perimeter  or  the  sum  of  the  four 
sides:  1,  2,  3,  and  4,  The  length  of  the  element  lines  is 
determined  by  the  true  length  of  the  duct.  To  form  the 
stretchout  into  a  square  duct,  the  element  lines  b,  c,  and  d 
are  broken  at  90°  Angles, 

View  A  in  figure  1-64  includes  both  the  plan  view  and 
elevation  views  for  a  round  duct  (cylinder).  The  half  plan 
shows  part  of  the  cylinder  as  you  would  see  it  looking  down 
from  the  top.  The  half  plan  arc  is  divided  into  12  equal 
parts,  resulting  in  13  element  lines.  Notice  how  the  half- 
plan  view  is  used  to  represent  a  whole-plan  view  and  is 
divided  into  half  the  spaces  of  the  plan  view.  In  view  B  of 
figure  1-64,  which  is  the  pattern  for  view  A,  notice  that  tl;e 
stretchout  is  divided  into  12  equal  parts,  and  the  element 
lines  are  parallel  to  each  other.  Remember  that  the  element 
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Figure  1-^.  Parallel  line  pattern  development  for  a  cylinder. 
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lines  are  the  true  length  of  the  duct  yoj  are  laying  out.  View 
B  also  represents  view  A  as  it  would  look  stretched  out  in  a 
flat  pattern.  To  determine  the  length  of  the  stretchout  line 
for  view  B,  use  the  circumference  fonnula  you  learned  in 
behavioral  objective  206  {ir  x  d):  multiply  the  diameter  of 
the  duct  by  3.1416.  The  stretchout  line  is  divided  into  equal 
parts;  in  this  case,  we  will  use  12  parts.  This  pattern  is 
lormed  by  rolling,  as  shown  in  view  B  of  figure  1-64. 

Now  that  you  have  dL^vcloped  simple  patterns  using 
parallel  lines,  let's  proceed  to  the  development  of  parallel 
line  patterns  that  require  more  accuracy  and  thought;  for 
example,  a  pattern  for  a  round  pipe  that  has  a  30°  miter  line. 
As  you  recall,  a  plan  view  and  an  elevation  view  are  needed 
to  determine  the  length  of  the  clement  lines.  Line  CD  in 
view  A  of  figure  1-65  is  a  miter  line  that  will  require 
element  lines  of  different  lengths.  Where  element  lines  are 
not  the  same  length,  a  more  accurate  pattern  can  be  made  if 
additional  element  lines  are  drawn — the  more  the  better. 
Using  a  T-square  on  the  edge  of  the  drawing  board,  draw 
line  AB,  as  shown  in  view  A.  Using  a  T-square  and  a 
triangle,  elevate  lines  AC  and  BD  (drawn  90°  to  line  AB). 
To  draw  line  CD,  draw  it  with  a  30°-  60°  triangle.  The 
center  of  line  AAB  in  view  A  can  be  found  with  a  rule  or  by 
bisecting  line  AB  with  dividers  or  a  compass.  Draw  the  arc 
of  the  half-plaii  view,  using  the  midpoint  of  line  AB  as  the 
center.  Draw  a  centerline  perpendicular  to  line  AB  through 
the  midpoint.  Draw  this  perpendicular  up  to  the  miter  line 
and  down  to  the  half  plan  arc.  This  centerline  is  identified 
as  element  line  4-10.  The  arc  of  the  half  plan  is  divided  into 
three  equal  parts  on  both  sides  of  element  line  4-10,  After 
this,  element  lines  2-12,  3-11,  5-9,  and  6-8  are  elevated 
through  line  AB  to  meter  line  CD. 


The  next  sicp  is  to  lay  out  the  flat  pattern,  as  shown  in 
view  B  of  figure  1-65.  The  T-square  is  used  to  draw  line 
ABA,  which  is  the  stretchout  line  of  the  cylinder.  If  line 
ABA  in  view  B  is  drawn  straight  across  from  line  AB  in 
view  A,  the  length  of  the  element  lines  can  be  transferred 
easily  by  use  of  a  T-square.  Next,  divide  line  ABA  in  the 
stretchout  into  12  equal  parts  by  element  lines,  and  transfer 
the  length  of  the  elevation  view  element  lines  to  the 
corresponding  number  in  the  stretchout.  The  length  of  the 
element  lines  can  be  transferred  by  using  dividers, 
compass,  or  T-square.  After  the  length  of  each  element  line 
in  the  stretchout  is  established,  the  points  are  connected  by 
using  an  irregular  (French)  curve.  Now,  we  have  a  pattern 
of  a  cylinder  with  a  meter  line.  Notice  that  element  points  1 
through  7  represent  one-half  of  the  stretchout;  element 
points  7  through  12  back  to  1  represent  the  other  half  of  the 
pattern.  Point  1  is  the  seam  line,  since  it  is  the  starting  of  the 
point  numbering.  All  seam  allowances  are  made  at  point  1, 
which  is  line  AC  on  either  side  of  the  stretchout.  It  is  a  good 
practice  to  cut  patterns  out  and  iape  them  together  to  see  the 
finished  product. 

Elbows^  Another  important  article  used  extensively  in 
sheet  metal  work  is  the  multiple  round  elbow — multiple 
meaning  more  than  one,  and  elbow  meaning  turned  or  bent 
at  an  angle.  The  elbows  that  you  will  make  are  constructed 
from  a  number  of  pieces  of  metal  called  gores,  which  are 
fastened  together.  It  is  important  to  remember  that,  when 
gores  are  used  in  the  construction  of  an  elbow,  the 
resistance  to  airflow  will  be  less.  The  elbow  with  five  gores 
will  have  less  air  resistance  than  the  three-gore  elbow. 
Elbows  are  used  to  connect  straight  lengths  of  pipe  that  run 
in  different  directions.  For  example,  suppose  you  have  two 


VIEW  A 
ELEMENT  LINES 


30**  MITER  LINE 


VIEW  B 


M2  ELEMENT  LINES 


CPF-27 


Figure  1-65.  30°  miter  pattern  development. 
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lengths  of  round  air  duct  with  one  running  verticall) 
between  the  wall  studs  and  the  other  running  horizontally 
between  the  floor  joists.  An  elbow  is  needed  to  connect 
these  two  ducts  so  that  the  flow  of  air  will  pass  from  one 
section  to  the  other. 

The  elevation  view  of  a  three-piece  90°  elbow  is  shown  in 
figure  1-66.  Study  the  illustration  and  learn  the  names  of  the 
parts  and  the  meaning  of  the  symbols.  Such  terms  as  throat, 
heel,  cheek,  angle,  diameter,  and  radius  will  be  used  when 
elbows  are  discussed  in  this  text  and  when  you  are 
fabricating  elbows  in  the  shop.  Notice  that  upper  case  R  is 
the  radius  of  the  heel  and  lower  case  r  is  the  radius  of  the 
throat.  The  diameter  is  represented  by  upper  case  D.  The 
diameter,  number  of  sections,  throat  radii,  and  shape  of 
elbows  will  have  no  effect  on  the  principle  involved  in  the 
drawing  of  patterns.  An  important  step  necessary  before 
pattern  development  can  begin  is  the  construction  of  the 
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Figure  1-66,  Parts  of  an  elbow. 


true  miter  lines.  In  figure  1-66,  you  can  see  these  miter  lines 
and  the  various  parts  of  an  elbow. 

In  figure  1-67,  you  can  see  the  various  steps  necessary  in 
developing  true  miter  lines  for  90°  elbows.  As  you  observe 
each,  notice  that  regardless  of  the  number  of  parts  (gores)  in 
the  elbow,  the  miter  lines  are  constructed  by  dividing  the 
90°  arc  into  the  desired  number  of  equal  parts.  Also,  notice 
that  there  is  one  less  miter  line  ihan  the  numbered  sections. 
For  example,  in  view  D,  the  five -piece  elbow  has  only  four 
miter  lines,  (The  dark  lines  are  the  miter  lines,) 

To  construct  the  miter  lines  in  view  A  of  figure  1-67,  you 
must  bisect  the  arc,  then  draw  a  line  from  the  point  of 
bisection  to  the  vertex  of  the  angle.  You  can  use  a  compass 
or  dividers  to  divide  the  angle.  When  you  are  drawing  miter 
lines  for  elbows  (views  B,  C,  and  D),  a  simple  formula  is 
used.  Multiply  the  number  of  pieces  (gores)  in  the  elbow  by 
2  and  subtract  For  example,  in  view  B,  a  three-piece 
elbow  is  desireu.  So  3  x  2  =  6  and  6  —  2  =  4.  Therefore, 
tlie  elevation  view  will  be  divided  into  four  equal  segments, 
with  two  segments  on  each  side  of  ihc  45^  bisecting  line.  As 
you  can  see,  this  formula  provides  more  segments  than 
pieces  required.  The  general  practice  is  to  allow  one 
segment  for  each  end  piece  and  two  segments  each  for  the 
remaining  pieces.  Thus,  in  view  B  there  v  he  two  miter 
lines.  Using  the  formula  for  view  D,  whic  five  pieces 
(5  X  2  =  10  and  10  -  2  =  8),  the  ele^  a  view  will  be  • 
divided  into  eight  equal  segments,  wit  .our  segments  on 
each  side  of  the  45°  bisecting  line.  Thus,  view  D  will  have 
four  miter  lines  when  you  allow  one  segment  for  each  end 
piece  and  two  segments  each  for  the  remaining  pieces. 

Now,  let's  use  miter  lines  to  develop  a  pattern.  Suppose 
the  drawing  or  blueprint  requires  a  90°  elbow  with  a  6-inch 
diameter  and  a  3-inch  throat  radius.  To  develop  the  pattern 
as  shown  in  figure  1-68,  first  draw  the  elevation  view  so  as 
to  construct  a  right  angle,  and  then  draw  heel  ^nd  throat  arcs 
from  the  vertex.  The  heel  radius  for  any  size  elbow  is  the 
sum  of  the  diameter  of  the  elbow  and  the  throat  radius. 

The  miter  lines  are  drawn  by  connecting  the  vertex  to 
points  stepped  off  on  the  heel  arc,  which  divides  arc  AC 
into  eight  equal  segments  or  spaces.  Now,  draw  the  dark 
miter  lines  to  make  pieces  I  and  V  each  equal  to  one 
segment  on  the  heel  arc,  and  pieces  II,  III,  and  IV  equal  to 
two  segments.  Drawing  these  miter  lines  completes  the 
elevation  view. 

Using  AB  in  the  elevation  view  of  figure  1-67  as  the  base 
line,  construct  the  half-plan  view  in  a  similar  manner,  as 
shown  in  figure  1-65.  The  greater  the  number  of  element 
lines  and  spaces  you  use,  the  more  accurate  the  pattern  will 
be. 

To  draw  the  stretchout  shown  in  figure  1-68,  first  draw 
the  working  line,  then  divide  into  the  same  number  of 
element  lines  and  spaces  as  contained  in  the  half-plan  view, 
which  in  this  case  is  12  spaces  and  13  element  lines.  From 
the  13  points  on  the  working  line,  draw  element  lines  on 
both  sides  of  the  working  line  and  number,  as  shown.  The 
beginning  and  ending  numbers  in  the  half  plan  and 
stretchout  designate  the  location  of  the  seam  in  the  finished 
elbow.  Generally,  tlie  best  location  for  a  seam  on  an  elbow 
is  on  the  cheek.  However,  for  appearance,  you  may  want 
the  seam  on  the  throat  or  heel. 
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Figure  1-67.  True  miter  lines. 
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Figure  1-68.  A  five-piece  elbow  pattern  development. 


To  determine  the  length  of  the  element  lines  on  each  side 
of  the  working  line,  use  a  compass  to  transfer  the  length  of 
each  element  line  located  between  line  AB  and  true  miter 
line  D  in  tlie  elevation  view.  Transfer  this  distance  to  the 
stretchout  by  placing  the  sharp  point  of  the  compass  on  the 
working  line,  making  two  arcs  (one  above  and  one  below) 
to  indicate  the  total  length  of  the  element  line.  Make  sure 
the  element  line  numbers  correspond.  An  irregular  (French) 
curve  is  used  to  connect  these  arcs  with  smooth  curved 
lines. 

The  stretchout  shown  in  figure  1-68  is  the  pattern  for  one 
whole  piece  or  gore  of  the  elbow  shown  in  the  elevation 
view.  The  stretchout  is  used  to  make  pieces  II,  III,  and  IV. 
Side  A  or  one-half  of  ti2ft  pattern  is  used  to  make  piece  I, 
and  side  B  is  used  to  make  piece  V;  however,  since  they  are 
identical,  they  can  be  used  for  either  end  of  the  elbow.  If 
the  pattern  is  notched  on  both  ends  of  the  working  line, 
alignment  will  be  much  easier  when  you  transfer  the  pattern 
to  metal.  Elbows  of  different  angles  can  be  made  by  using 
various  combinations  of  the  pattern. 

Y-branch.  The  Y-branch  shown  in  figure  1-69  is  made  in 
five  individual  pieces,  numbered  I,  II,  III,  IV,  and  V. 
When  these  five  pieces  are  fastened  together,  the  single 
duct  is  divided  into  two  ducts  of  the  same  diameter.  Y- 
branches  also  can  be  designed  to  connect  different  sizes  of 
ducts.  The  miter  lines  and  the  angles  at  which  these  pieces 
meet  may  vary  from  job  to  job.  Because  of  this,  you  may. 
have  to  make  as  many  as  five  different  patterns,  one  for 
each  piece  shown  in  the  elevation  view. 

In  Y-branch  pattern  development,  you  will  repeat  some 
of  the  steps  used  to  lay  out  elbows.  From  the  elevation  view 
of  a  Y-branch,  you  can  obtain  the  true  length  of  the  element 
lines,  First,  draw  the  elevation  view  so  that  you  can 
determine  the  shape  of  the  five  pieces  or  gores;  then  draw 
the  half-plan  view  and  uivide  into  an  equal  number  of 
spaces.  From  the  13-numbcred  point,  the  numbered 
element  lines  are  projected  through  each  section  of  the 
elevation  view.  This  gives  you  the  true  lengths  of  the 


element  lines  for  each  piece  (gore).  Stretchouts  for  each 
piece  are  drawn  as  shown  in  the  illustration,  and  the  pattern 
is  developed  in  the  same  manner  as  in  figure  1-68. 

T'joint,  You  have  seen  that  to  develop  a  stretchout 
pattern  by  the  parallel  line  method,  elevation  and  plan 
views  must  be  drawn.  These  two  views,  when  constructed, 
will  give  you  the  true  lengths  of  all  miter  and  element  lines. 
In  figure  1-70,  you  can  see  the  two  main  parts  of  a  T-joint 
collar,  or  branch,  and  main  pipe.  The  lines  where  the  main 
pipe  and  collar  meet  are  called  lines  of  intersection.  These 
lines  also  are  called  miter  lines. 

Figure  1-70  illustrates  the  method  of  constructing  miter 
lines  in  the  elevation  view  and  the  projecting  lines  from  the 
plan  views.  Both  pipes  shown  have  a  diameter  of  3  inches 
to  simplify  the  layout  explanation.  Draw  elevation  view  A 
by  using  a  T-square  and  a  rule.  Draw  line  AB  3  inches  long, 
liraw  lines  AC  and  BD  i>erpendicular  to  line  AB.  Draw  line 
DC  parallel  to  line  AB.  Draw  the  half-plan  view  B  directly 
below  the  elevation  view,  and  divide  half  of  the  arc  into 
three  equal  spaces.  Number  and  project  the  dividing  points 
to  elevation  view  A  by  using  the  T-square  and  the  triangle 
to  form  lines  1  through  7.  In  this  example,  the  intersecting 
point  for  the  collar  is  at  the  center  of  the  elevation  view.  At 
the  center  of  line  AC  in  the  elevation  view,  draw  the  dotted 
line  1-7-1  so  that  it  will  extend  2  inches  beyond  line  BD, 
Line  ER  is  3  inches  long;  set  the  compass  for  1  Vi  inches  and 
strike  an  arc  from  the  2-inch  mark  on  line  1-7-1 .  To  both 
sides,  draw  solid  lines  4-E  and  10-F,  using  a  T-square. 
Draw  line  ER  2  inches  to  the  right  of  line  BD,  using  the  T- 
square  and  triangle. 

Draw  half-plan  view  C  and  divide  the  arc  into  six  equal 
parts  and  number  as  shown  in  figure  1-70.  Project  the  points 
on  the  arc  with  a  T-square  until  each  point  intersects  a  line. 
Notice  where  the  horizontal  element  lines  intersect  the 
vertical  element  lines  in  the  elevation  view.  Draw  the  V- 
shape  miter  lines  by  joining  intersecting  points  1,2,3,  4,  5, 
6,  and  7.  Miter  line  1^  is  45*'  to  line  AB.  Miter  line  4-7 
also  is  45°  to  line  AB. 


Figure  1-69.  Y^branch  development. 
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Figure  1-70.  Developing  patterns  for  T-joints, 


To  develop  a  pattern  for  a  collar,  shown  in  figure  1-70, 
draw  a  stretchout  line  equal  in  length  to  the  circumference 
of  the  pipe.  Divide  the  stretchout  line  into  12  equal  spaces, 
and  elevate  the  element  lines.  Transfer  the  element  lengths 
to  the  stretchout,  and  join  the  intersecting  points  as  before. 
Notice  tliat  the  collar  wih  be  joined  at  the  cheek. 

To  develop  a  stretchout  pattern  for  the  main  pipe,  the 
length  of  the  stretchout  line  will  be  equal  to  the 
circumference  of  the  main  pipe  (9.4248  inches),  and  the 
height  will  be  8  inches.  Divide  the  stretchout  into  12  equal 
parts,  and  elevate  the  element  lines.  Notice  that  the 
numbering  is  somewhat  different  in  this  stretchout.  In  this 
case,  it  is  easier  to  start  numbering  at  the  center,  since  the 
joining  point  is  line  AC  and  the  center  is  line  BD.  The 
cutout  is  on  both  sides  of  center.  The  length  of  the  cutout 
lines  can  be  projected  easily  with  a  T-square  from  the 
elevation  view;  however,  these  projection  lines  are  not 
shown  in  figure  )-70.  Points  1  through  7  in  the  elevation 
view  are  projected  to  form  the  cutout.  When  the 
intersecting  points  in  the  stretchout  are  connected,  you  have 
a  patterr*  for  the  main  pipe.  Compare  the  numbering  of  the 
element  lines  in  the  stretchout  with  the  numbering  of  the 
element  lines  in  the  elevation  view. 


Th'*:  completes  our  discussion  of  the  parallel  line  method 
of  pattern  development.  We  have  shown  you  how  patterns 
are  developed  for  elbows,  Y-branches,  and  T-joints.  You 
should  have  noticed  that  each  round,  square,  or  rectangular 
duct  developed  by  the  parallel  line  method  has  not  changed 
in  diameter  or  cross  section;  therefore,  the  sides  and 
element  lines  in  each  pattern  have  remained  parallel.  In  the 
following  paragraphs,  we  will  show  you  how  to  use  the 
radial  line  layout  method  to  develop  patterns  for 
components,  such  as  cones  and  pyramids  that  do  not  have 
parallel  sides. 


Exercises  (410): 

1.  In  parallel   line  development,   element  lines  are 
 or  to  each  other . 
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2.  What  type  of  views  are  required  to  determine  the 
length  of  clement  lines  in  developing  a  pattern  for  a 
round  pipe? 


3.   How  does  the  number  of  gores  in  a  round  elbow  affect 
air  resistance? 


4.  The  stretchout  pattern  for  a  round  duct  is  equal  to  the 
 of  the  duct. 


5.  What  is  the  first  rule  of  parallel  line  layout? 


6.  The  length  of  the  stretchout  line  is  equal  to  the 
 of  the  item  to  be  laid  out. 


7.  A  miter  line  is  used  in  parallel  line  layout  to  develop 
gores  for  what  type  of  an  item? 


8.  What  is  the  stretchout  line  equal  to  on  a  pattern  for  a 
square  duct? 


9.  What  two  measurements  are  added  together  to  give 
you  the  heel  radius  of  an  elbow? 


10.   How   are   the   cross   sections   of  all  components 
developed  by  the  parallel  line  method  alike? 


411,  State  the  procedures  and  rules  to  follow  when 
developing  a  radial  line  layout. 

Radial  Line  Layout  Method.  The  radial  line  method  of 
layout  is  used  to  develop  patterns  for  sheet  metal 
components  that  are  cone  or  pyramid  shaped.  However, 
each  cone  or  pyramid  must  have  a  centerline  (vertical 
height)  that  is  perpendicular  to  tlie  base;  in  other  words,  a 
right  cone  or  a  right  pyramid.  While  the  characteristics  of 
the  radial  line  method  of  pattern  development  differ 
somewhat  from  those  of  parallel  line  development,  you  will 
notice  that  certain  steps,  such  as  drawing  the  elevation  and 
plan  views,  are  similar.  Figures  1-71  and  1-72  will  show 
you  these  basic  similarities.  For  example,  in  each 
illustration  the  elevation  view  shows  the  height  of  the 


Figure  1-71.  Radial  line  development  for  a  cone. 

object,  and  the  plan  view  determines  the  length  of  the 
stretchout  line.  These  two  views  are  drawn  first.  Draw  the 
stretchout  arc  with  a  radius  equal  to  the  true  height.  Draw 
this  arc  long  enough  to  allow  each  space  in  the  plan  view.to 
be  stepped  off  and  lettered  or  numbered.  Get  the  element 
lines  from  the  elevation  view  and  draw  the  stretchout  to 
complete  the  pattern.  You  studied  these  operations  in 
parallel  line  development. 

All  cone-  and  pyramid-shaped  objects  that  are  to  be 
developed  by  the  radial  line  method  have  certain 
characteristics:  a  circle  for  their  base  or  a  base  that  can  be 


Figure  1-72.  Radial  line  for  a  pyramid. 
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inscribed  in  a  circle,  and  sides  that  slant  to  a  common 
vertex  located  directly  over  the  center  of  the  base.  Figure 
1-73  shows  several  examples  of  bases  that  can  be  inscribed 
in  a  circle. 

To  obtain  the  true  height  for  a  pattern,  first  study  the 
illustration  shown  in  figure  1-74  and  notice  the  vertical 
height,  BO,  shown  in  the  elevation  view  (ABC),  then 
examine  the  plan  view  which  shows  the  shape  of  the 
pyramid  base.  Observe  that  the  plan  view  is  inscribed 
within  a  circle.  To  get  the  true  height,  set  the  compass  equal 
to  the  distance  O'Y',  using  O  as  a  center,  and  make  an  arc 
on  the  extended  line  AC  at  point  Y.  Then,  draw  the  slanting 
line  BY,  which  is  the  true  height  of  the  pyramid  and  will  be 
the  true  length  of  the  radius  in  the  stretchout. 

Figure  1-75  shows  (view  B)  an  example  in  which  the 
position  of  the  base  in  the  plan  view  is  arranged  so  that  the 
slant  height  (AC)  in  the  true  elevation  view  also  will  be  the 
true  radius  for  the  stretchout  arc.  Do  not  make  the  mistake 
of  using  the  slant  height  (AB),  as  shown  in  the  front 
elevation  view  (view  A),  for  tlie  true  radius  of  the  stretchout 
arc.  When  the  pattern  is  cut  and  formed,  the  height  of  the 
pyramid  will  be  considerably  less  than  desired. 

In  view  B  of  figure  1-75,  the  elevation  view  appears 
larger  because  the  slant  line  AC  will  be  the  true  length  for 
the  radius  in  developing  the  pattern.  The  ultimate  shape  of 
the  object  depends  greatly  on  the  arrangement  of  the 
elevation  and  plan  views.  This  clearly  shows  that,  to 
construct  the  true  height,  you  must  draw  the  base  of  the 
elevation  parallel  to  a  diagonal  line  which  is  the  widest  part 
of  the  plan  view. 

Although  there  are  similarities  between  radial  line 
development  and  parallel  line  development,  you  have  just 
learned  one  of  the  differences.  To  determine  the  true  height 
of  a  pyramid,  it  is  necessary  to  draw  the  plan  view  before 
drawing  the  elevation  view. 

Right  pyramid.  The  shape  of  the  pattern  for  a  right 
pyramid  having  six  sides  can  be  illustrated  by  holding  its 
vertex  at  a  definite  point  and  rolling  the  pyramid,  as  shown 
in  view  1  of  figure  1-76.  This  shows  the  outline  of  each  face 
of  the  pyramid  as  imprinted  on  the  surface  over  which  it  is 
rolled;  view  2  shows  the  stretchout  of  the  same  pattern. 

To  develop  a  pattern  for  a  six-sided  pyramid,  first  draw 
the  plan  view,  which  in  this  case  is  a  hexagon.  The 
dimensions  of  this  hexagon  are  the  same  as  those  of  the  base 


of  the  pyramid.  Each  edge  is  numbered  as  shown  in  the 
illustration.  From  these  numbered  points,  project  vertical 
lines  downward  to  intersect  the  base  line  of  the  elevation 
view.  This  establishes  points  I  through  6.  Point  C  is  the 
vertex,  which  is  determined  by  the  vertical  height  of  the 
given  pyramid.  From  the  points  of  intersection  on  the  base 
line,  element  lines  are  drawn  to  the  vertex.  All  lines  from 
the  vertex  C  represent  edges  of  the  pyramid  that  are  equal  in 
length;  however,  they  do  not  appear  so  in  the  elevation  view 
because  of  the  inclined  surfaces.  Therefore,  only  the 
outside  lines  give  the  true  lengths  for  'y.cs  as  the  radius  of 
the  arc  in  the  stretchout.  Next,  draw  the  arc  for  the 
stretchout  and  step  off  points  1  through  5  with  spaces  equal 
to  the  length  of  any  side  shown  in  the  plan  view.  Number 
these  points  as  shown  in  view  2.  The  points  located  along 
arc  AB  are  each  connected  with  straight  lines  and  element 
lines  drawn  from  each  point  to  the  vertex.  This  completes 
the  pattern.  Although  the  element  lines  you  have  just  drawn 
are  not  absolutely  necessary  when  forming  the  pyramid, 
they  do  clearly  show  where  the  folds  will  be  made  when  the 
object  is  formed. 

Truncated  pyramid.  A  pyramid  with  the  top  cut  off 
(truncated)  parallel  to  the  base  is  called  a  regular  frustum  of 
a  pyramid.  A  pyramid  with  the  top  cut  off  at  an  angle  to  the 
base  is  called  an  irregular  frustum,  as  shown  in  the 
elevation  view  of  figure  1-77.  The  pattern  for  an  irregular 
frustum  of  a  pyramid  is  developed  in  a  manner  similar  to 
that  for  an  entire  pyramid — with  the  exception  of  the 
element  lines,  which  are  no  longer  the  same  length.  To 
construct  this  pattern,  draw  the  plan  view  and  elevation 
view  as  described  previously;  this  provides  the  shape  and 
dimensions  of  the  pyramid.  Observe  in  the  elevation  view 
that  lines  have  been  constructed  to  locate  the  vertex  of  the 
pyramid;  thir.  is  an  essential  part  of  the  pattern.  The  plan 
view  shows  the  base  outline  of  the  pyramid  from  which  the 
side  widths  may  be  obtained.  Draw  the  stretchout  the  same 
as  for  an  entire  pyramid,  except  for  the  length  of  the 
element  lines.  You  are  now  at  the  step  where  the  method  of 
obtaining  the  true  length  of  the  element  line  is  different 
because  of  the  truncation. 

Suppose  the  pattern  begins  with  the  shortest  element  (line 
O'-l).  This  element  line,  as  seen  in  the  elevation  view  of 
figure  1-77,  is  of  true  length  and  can  be  transferred  to  the 
stretchout.  Element  lines  2,  6,  3,  and  5  do  not  show  their 
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Figure  1-73.  Bases  that  can  be  inscribed  in  a  circle. 
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Figure  1-74.  Height  of  a  pyramid. 


true  lengths  because  they  are  inclined  to  the  plane  of 
projection.  This  means  that,  to  find  their  true  lengths,  you 
must  imagine  the  pyramid's  being  rotated  until  the  edges 
concerned  come  into  the  position  of  element  line  1,  where 
the  true  lengths  can  be  seen.  To  accomplish  this  on  the 
elevation  drawing,  draw  a  horizontal  projection  from  the 
upper  end  of  element  lines  2  and  6  until  it  crosses  the 
extension  of  element  line  1.  The  true  length  of  element  lines 
2  and  6  is  the  distance  from  this  point  of  intersection  to  the 
base  line  of  the  elevation  view.  Find  the  true  length  of 
element  lines  3  and  5  in  the  same  manner.  Element  line  4  is 
shown  in  its  true  length  and  need  not  be  projected.  These 
true  lengths  along  line  O-l  are  transferred  to  the  stretchout 
to  form  the  pattern.  The  points  of  intersection  are  connected 
with  a  straight  line,  resulting  in  a  completed  pattern  for  a 
truncated  pyramid. 

Right  cone.  Developing  a  pattern  for  a  cone  is  somewhat 
simpler  than  for  a  pyramid  because  the  true  height  and  slant 
height  are  the  same.  The  radial  line  method  of  pattern 
development  is  used  also  for  whole  cones  or  truncated 
cones  with  the  tops  cut  off,  as  shown  in  figure  1-78.  A  cone 
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Figure  1-75.  Arranging  a  plan  view  of  a  pyramid. 


Figure  1-76.  A  right  pyramid. 


Figure  1-77.  Truncated  py^mid  pattern  development. 
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Figure  1-78.  Truncated  cone. 


with  the  top  cut  off  (truncated)  parallel  with  the  base  is 
called  a  regular  frustum.  One  with  the  top  cut  off  on  any 
angle  with  the  base  is  called  an  irregular  frustum. 
Generally,  the  pattern  for  a  cone  is  fan  shaped,  as  shown  in 
figure  1-79;  when  the  object  is  unrolled,  the  stretchout 
pivots  (radiates)  around  the  vertex. 

To  develop  a  pattern  for  a  regular  frustum  of  a  cone,  you 
must  draw  the  elevation  and  half-plan  views.  In  figure  1-79, 
the  vertex  is  lettered  A  and  the  base  line  BC.  At  any  point 
on  the  cone,  and  parallel  to  line  BC,  construct  a  line  that 
cuts  off  the  top  portion  of  the  cone  and  letter  line  DE.  Draw 
the  half-plan  view  beneath  the  base  of  the  frustum  and 
divide  into  equal  sections,  as  previously  done  in  parallel 
line  development.  From  the  numbered  points  on  the  half- 
plan  view,  erect  perpendicular  lines  to  the  base  of  line  BC. 
From  the  points  at  which  these  lines  intersect  BC,  draw 
lines  to  the  vertex  A.  These  element  lines  that  you  have  just 
drawn  are  not  absolutely  necessary  for  the  construction  of 
the  stretchout  pattern;  however,  they  do  show  that  the 
element  lines  in  the  elevation  view  converge  at  the  vertex. 
Since  line  BC  represents  the  widest  part  of  the  plan  view, 
lines  AC  and  AB  are  of  true  length  (true  height).  Draw  the 
stretchout  arc  with  vertex  A  as  the  center  and  the  radius 
equal  to  the  length  of  line  AC.  From  the  same  center,  draw 
another  arc  with  a  radius  equal  to  line  AE.  Element  lines 
need  not  be  drawn,  since  there  are  no  folds  cr  edges  as  with 
pyramids.  The  area  inclosed  betwsen  the  arcs  and  both  No. 
1  lines  is  the  pattern  for  the  fa* stum  of  a  cone.  After  you 
add  allowances  for  seaming  zwC  edging,  the  stretchout  will 
be  completed. 

If  an  irregular  frustum  ov  a  cone  such  as  u»at  shown  in 
figure  1-80  is  to  be  developed,  the  truncation  line  DH  is 
drawn  in  the  elevation  view,  il.'s  liv/e  represents  tlie  top 
edge  of  the  object.  Divide  the  cLcur»^'*.rcnce  of  the  half- 
plan  view  into  equal  sections  as  previously  done  in  parallel 
line  development;  in  this  cace,  it  will  be  irom  1  to  12  to  1. 
From  each  of  these  points  ,  erect  z  perpendicular  line  to  the 
base  of  the  frustum.  Then,  froii)  each  pcint  of  intersection 
with  the  base,  draw  radial  lines  ♦o  the  vertex.  From  each 
point  where  the  radial  lines  intersect  the  truncation  line  on 


the  elevation,  project  horizontal  lines  to  line  AC  and 
numbers  1  through  12,  as  shown.  The  distance  from  the 
vertex  along  line  AC  to  any  of  these  points  will  give  you  the 
true  length  of  the  corresponding  radial  line. 

To  construct  the  pattern,  draw  the  stretchout  arc  with  a 
radius  equal  to  the  distance  from  A  to  C,  as  shown  in  figure 
1-80.  Now,  divide  the  stretchout  into  12  equal  spaces  and 
number  to  correspond  with  those  in  the  half-plan  view. 
From  the  points  of  intersection  with  the  stretchout  arc,  draw 
element  lines  to  vertex  A.  It  is  necessary  to  consdoict  these 
lines  because  they  are  essential  in  developing  the  pattern. 
Next,  with  a  compass  and  using  the  vertex  as  a  center, 
measure  the  distance  between  points  A  and  1  along  line  AC. 
Transfer  this  measurement  to  die  stretchout  arc;  again  using 
the  vertex  as  center,  swing  an  arc  to  intersect  the 
corresponding  element  line  (1)  in  the  stretchout  arc.  Repeat 
the  procedure  for  each  of  the  numbered  horizontal  lines  in 
the  elevation  view.  Then,  with  an  irregular  (French)  curve, 
connect  these  points.  This  curved  line  determines  the  top 
edge  of  the  pattern,  and  the  stretchout  arc  determines  the 
lower  edge. 

We  are  going  to  describe  a  job  situation  that  you  may 
encounter.  Suppose  you  are  to  replace  a  piece  of  half-round 


Figure  1-79.  Regular  frustum  pattern  development. 
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Figure  1-80.  Irregular  frustum  pattern  development. 


gutter  with  a  4-inch  downspout  outlet  that  is  tapered  to  2 
inches.  In  the  pictorial  view  of  figure  1-81 ,  you  can  see  that 
a  miter  is  needed  so  that  the  downspout  connector  will  fit 
the  contour  of  the  gutter.  To  lay  out  the  downspout 
connection,  you  will  have  to  determine  which  layout 
method  to  use.  (Since  the  downspout  connector  is  tapered, 
the  radial  line  method  will  be  used.)  Begin  the  pattern  by 
drawing  an  end  view  of  the  gutter  t  inches  in  diameter,  as 
shown  in  the  illustration.  Next,  draw  the  ele  vation  view  and 
half-plan  view.  After  detennining  and  numbering  the 
dividing  points  on  the  half-plan  view  and  drawing  the 
element  lines  in  the  elevation  view,  project  and  number  the 
horizontal  lines.  After  the  stretchout  arcs  are  drawn  and 
divided  into  12  equal  spaces,  extend  the  element  lines  to  the 
vertex.  Determine  the  length  of  the  element  lines  and 
transfer  them  to  the  pattern.  Notice  how  this  pattern,  if 
rolled  up  so  that  both  No.  2  element  lines  meet,  will  fit  the 
contour  of  the  gutter. 

To  develop  a  pattern  for  a  tapering  roof  collar,  draw  the 
half  plan  and  elevation  views  as  if  for  a  regular  frustum;  and 
at  tlie  desired  height,  draw  a  line  that  cuts  off  the  top  of  the 
cone  parallel  to  ti  e  base  and  perpendicuJar  to  the  centerline. 


This  iine  must  equal  the  diameter  of  the  vent.  Divide  the 
half-plan  view  into  equal  sections  as  done  previously  in 
parallel  line  development.  From  the  numbered  pc  'nts  on  the 
half-plan  view,  erect  perpendicular  lines  to  the  base  line  of 
the  elevation  view.  From  the  point  at  which  these  lines 
intersect  the  base,  draw  lines  to  the  vertex.  Now,  draw  a 
line  from  the  point  where  the  base  and  one  side  intersect  to 
the  other  side,  at  an  angle  equal  to  the  pitch  of  the  roof. 
Notice  that  you  now  have  two  lines  that  cut  across  the 
elevation  view;  both  are  needed. 

From  each  point  where  the  radial  lines  intersect  the  lower 
truncate  line,  project  horizontal  lines  to  the  side  of  the  cone. 
You  now  have  the  true  length  lines  for  each  radial  line. 

Now,  to  construct  the  pattern,  draw  the  stretchout  arc. 
Divide  the  strctcuout  into  equal  spaces  to  correspond  with 
the  spaces  in  the  plan  view.  Remember,  you  need  to  reach 
around  the  complete  circumference  of  the  base.  From  these 
points,  draw  radial  lines  to  the  vertex. 

With  the  vertex  as  center  and  a  radii  equal  to  the  true 
length,  swing  arcs  to  intersect  the  corresponding  radial  lines 
in  the  stretchout.  Connect  these  points  with  a  curved  line 
that  will  form  the  bottom  edge  of  the  collar  so  that  the 
single  arc  near  the  top  will  form  the  top  edge. 

This  completes  our  discussion  of  the  radial  line  method 
of  pattern  development.  We  have  shown  you  how  patterns 
are  developed  for  tapered  components  such  as  pyramids  and 
cones. 


Exercises  (411): 
1.  In  radial  line  layout,  all  element  lines  meet  at  the 


2.  In  radial  line  layout  for  a  pyramid-shaped  object,  why 
must  you  draw  the  plan  view  before  drawing  the 
elevation  view? 


3.  To  find  the  true  length  of  the  element  lines  on  a 
truncated  cone,  all  element  lines  must  be  projected 
 to  the  side  element  line. 


4.  How  many  truncate  lines  are  there  in  the  layout  of  a 
tapering  roof  collar? 


5.  In  radial  line  layout,  where  is  the  center  for  arcs  that 
intersect  the  element  lines? 
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Figure  I~8 1 .  Making  a  pattern  for  a  gutter  downspout. 
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6.  The  true  height  and  the  slant  height  are  the  same  in 
which  radial  line  development? 


412.  Tell  ways  to  check  pattern  layout  and  specify  layout 
procedures. 

In  the  following  paragraphs,  we  discuss  the  triangulation 
method  of  pattern  development  for  components  that  do  not 
have  a  common  center  or  parallel  sides. 

Triangulation  Layout  Method.  You  are  probably 
beginning  to  realize  that,  regardless  of  how  complicated  the 
component  may  be,  you  can  develop  a  pattern  for  it  by 
applying  the  principles  in  this  section  (parallel  line,  radial 
line,  or  triangulation  methods).  There  are  many  irregular 
shapes,  such  as  transitions  and  offsets,  in  sheet  metal  work 
that  have  patterns  that  cannot  be  developed  by  the  methods 
already  explained.  Examples  of  transitions  are  shown  in 
figure  1-82.  Notice  that  lines  drawn  on  these  irregular 
shapes  do  not  run  parallel  with  each  other  or  meet  at  a 
common  point.  Instead,  the  surface  is  divided  into  a  series 
of  triangles  that  slope  in  many  directions.  Finding  the  true 
lengths  of  these  sloping  triangles  makes  it  possible  to 
develop  the  patterns. 

In  triangulation,  the  surfaces  of  the  elevation  and  plan 
views  are  divided  into  a  convenient  number  of  triangles,  the 
sides  of  which  form  the  element  lines.  When  you  look  at 
these  element  lines  from  the  plan  view  and  elevation  view, 
they  appear  shortened.  To  ma^e  this  a  little  clearer,  suppose 
you  take  a  pencil  about  6  inches  long  and  hold  it  at  arm's 
length,  perpendicular  to  the  line  of  sight,  as  shown  in  figure 
1-83.  Now,  as  you  till  the  top  end  of  the  pencil  away  from 
you,  notice  how  its  length  appears  to  shorten.  If  ou 
measure  the  pencil  in  this  position,  it  will  still  be  6  inches 
long,  although  it  appears  shorter. 

Before  the  sloping  lines  of  transitions  can  be  transferred 
to  a  pattern,  their  true  lengths  must  be  found  by  making  a 
true  length  chart.  In  some  cases,  it  is  necessary  to  show  the 
element  lines  in  two  views  as  a  basis  for  finding  these  true 


lengths.  The  elevation  view  shows  the  vertical  height  of  the 
element  lines,  and  the  plan  view  shows  the  horizontal 
distance  covered  by  the  same  lines.  You  can  see  in  figure 
1-84  how  these  two  distances  are  laid  off  as  the  sides  of  a 
right  triangle  the  hypotenuse  of  which  shows  the  true  length 
of  the  element  line. 

Square-to-square-twisted.  Now  let's  apply  the 
triangulation  principles  in  the  development  of  an  object 
which  has  relatively  few  element  lines  and  will  demonstrate 
true  length.  The  first  step  is  to  construct  the  plan  view  and 
label  the  points  as  shown  in  figure  1-85, a.  Notice  that  the 
smaller  opening  is  twisted  45°  from  the  larger.  Draw  the 
element  lines  from  all  comer  points,  1  to  A,  1  to  B,  2  to  B, 
2  to  C,  etc.  Next  draw  the  elevation  view  to  show  the  side 
and  the  height  of  the  component  (see  fig.  l-85,b).  These 
two  views  give  you  all  the  information  you  need  to 
construct  the  pattern.  None  of  the  element  lines  in  either  the 
plan  or  the  elevation  views  are  true  length.  To  determine 
the  true  length  of  each  line,  you  must  construct  a  true  length 
chart  as  shown  in  l-85,c.  The  distance  marked  on  the 
vertical  leg  of  the  chart  is  taken  from  the  elevation  view 
(fig.  l-85,b)  and  is  equal  to  the  vertical  height  of  the 
component.  The  distance  marked  on  the  horizontal  leg  of 
the  chart  is  taken  from  the  plan  view  and  is  equal  to  the 
horizontal  distance  each  element  line  travels.  In  this 
pattern,  all  the  element  lines  are  equal  because  the  small 
opening  is  centered  on  the  larger;  thus,  line  4C-4D  =  3B  = 
3C  =  2B  =  2A,  etc.  Now  we  are  ready  tc^  actually  develop 
the  pattern.  To  avoid  confusion,  start  with  line  1-2,  and 
draw  it  equal  to  the  length  shown  in  the  plan  view  (fig.  1- 
85 A).  (Note  that  this  line  is  shown  in  its  true  length  on  the 
plan  view  and  does  not  have  to  be  charted  on  the  true  length 
chart,  fig.  l-85,d).  Now,  using  the  true  length  of  line  1-A 
(from  the  true  length  chart)  and  2-A  (also  from  the  true 
length  chart),  complete  triangle  l-A-2.  To  do  this,  set  a 
compass  to  the  true  length  of  these  lines,  and  using  points  1 
and  2  as  centers,  draw  intersecting  arcs  to  find  point  A. 
Now  we  will  construct  the  rest  of  the  triangles  in  the  same 
sequence  as  they  appear  in  the  plan  view.  The  next  triangle 
is  2-A-B.  First  set  your  compass  to  distance  A~B  on  the 
plan  view;  then,  using  point  A  on  the  pattern  as  center. 


Figure  1-83.  Line  of  sight. 


draw  an  arc  as  shown  in  figure  l-85,d.  Now  set  the  compass 
to  the  true  length  of  line  2-B  (from  the  true  length  chart). 
Use  point  2  on  the  pattern  as  center  and  draw  an  arc  to 
intersect  the  first  one — this  locates  point  B  and  you  can  now 
complete  triangle  2-A-B.  Continue  this  procedure  for 
triangles  2-"B-3,  3-B-C,  3-C-"4,  4-C-D,  4~I>-1,  and 
l-D-A,  as  shown  in  figure  l-85,d.  Note  that  you  have  two 
lines  4-C,  this  will  be  the  seam  when  the  component  is 
formed  and  these  lines  are  the  same.  Now  let's  apply  this 
same  procedure  to  a  component  with  more  element  lines. 

Square-to -round  symmetrical  transition.  A  transition  is  a 
sheet  metal  coniponent  designed  to  connect  pipes  or  ducts 
of  different  shapes.  Figure  1-86  is  a  pictorial  view  of  a 
rectangular-to-round  transition  piece,  and  figure  1-87 
shows  the  development  of  a  square-to-round  pattern.  Both 
polygons  are  symmetrical;  the  pattern  development 
procedures  are  the  same  for  both.  In  figure  1-86,  the 
transition  is  made  up  of  one  isosceles  triangle  where  the 
sections*  join.  In  addition,  eight  parts  with  curved  surfaces 
form  one-fourth  of  the  round  opening  and  their  vertexes 
meet  in  comers  A,  C,  E,  and  F  (F  is  not  shown). 

Only  a  half  pattern  of  the  stretchout  shown  in  figure  1-87 
is  needed  because  the  transition  piece  is  symmetrical  in 
shape.  You  will  have  to  cut  two  pieces  to  this  pattern  in 
order  to  complete  the  transition.  Figure  1-87  shows  the 
various  steps  necessary  in  the  development  of  this  pattern. 
First,  draw  the  plan  view  as  shown,  keeping  the  exact 
diameter  and  diagonal  of  the  round  and  square  connectors. 
In  other  words,  ABCD  represents  the  square  end,  and  the 
circle  represents  the  round  end.  Divide  the  circle  into  equal 
parts  and  number  1  to  7  to  12.  From  the  numbered  points  on 
the  circle,  draw  straight  lines  to  vertexes  A,  B,  C,  and  D  to 
form  right  triangles.  Next,  draw  the  elevation  view  to 
determine  the  distance  between  sections  being  joined. 

From  the  numbered  points  on  the  plan  view,  project  lines 
parallel  to  the  centerline  so  that  they  intersect  the  top  of  the 
elevation  view.  Number  these  points  of  intersection  to 
correspond  to  the  numbers  in  the  plan  view.  When  element 
lines  are  drawn  from  the  numbered  points  to  the  comers  of 
the  base,  triangles  are  formed.  These  are  not  true  length 
element  lines.  To  determine  the  true  lengths  of  these 
element  lines,  you  must  set  up  a  true  length  chart,  as  shown 
in  figure  1-87,  by  drawing  a  right  angle  with  a  vertical 
height  equal  to  H.  Beginning  with  element  line  A-1  in  the 
plan  view  and  using  a  compass,  transfer  lines  A-1,  A-12, 
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A-ll,  A-IO,  and  G-IO  to  the  base  line  of  the  true  length 
chart  and  number  respectively.  From  the  center  of  the  plan 
view,  you  can  see  that  the  transition  has  four  identical  parts 
with  several  element  lines  of  the  same  length.  This  is  why 
the  true  length  chart  shows  multiple  numbers  for  each  true 
length  line.  From  the  numbered  points  on  the  base  line, 
draw  straight  lines  to  form  a  vertex.  These  straight  lines  are 
the  true  lengths  of  the  element  lines. 

To  start  the  half-pattern  stretchout  for  the  transition 
shown  in  figure  1-87,  draw  a  horizontal  line  which  is  equal 
in  length  to  AD  in  the  plan  view.  Set  the  compass  to  the  true 
length  of  element  line  A-1,  and  using  A  and  D  in  the  half 
pattem  as  centers,  swing  two  arcs  so  that  they  intersect. 
Number  the  point  of  intersection  1-7.  Next,  set  a  compass 
equal  to  the  distance  between  points  1  and  2  in  the  plan 
view  and  transfer  to  each  side  of  point  1-7  in  the  half 
pattem.  For  simplicity,  this  compass  should  be  left  adjusted 
to  this  setting  since  it  will  be  repeated  and  another  compass 
used  to  transfer  the  lengths  of  the  remaining  element  lines 
of  various  lengths  from  the  true  length  chart.  (For  greater 
accuracy,  this  measurement  often  is  made  by  drawing  a 
stretchout  or  straight  line  of  the  round  end  of  the  transition.) 
The  round  end  shown  in  the  plan  view  has  12  spaces; 
therefore,  a  straight  line  for  this  example  would  be  divided 
into  12  equal  spaces.  This  method  is  more  accurate  because 
the  straight-line  distance  between  two  points  on  an  arc  is 
actually  the  length  of  a  chord  between  the  points  rather  than 
the  length  of  the  arc  between  the  two  points. 


\  VERTICAL  HEIGHT  FROM 
^^^Jy-^  ELEVATION  VIEW 


HORIZONTAL  DISTANCE  FROM  PLAN  VIEW 
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Figure  1-84.  True  length  line. 
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Figure  1-85.  Squarc-to-squarc-twisted. 


PIPE  CONNECTION 


Figure  1-86.  Transition. 


The  compass  which  is  "^t  to  the  distance  between  points 
1  and  2  in  the  plan  view  is  used  repeatedly  to  establish  the 
distance  between  the  remaining  points  to  the  left  and  right 
of  point  1-7  on  the  half  pattern.  The  arcs  that  have  been 
drawn  to  each  side  of  point  (half  pattern)  are  now  to  be 
intersected  by  arcs  swung  from  points  A  and  D.  The  radii  of 
these  arcs  are  taken  from  the  tiue  length  chart,  line  A-12 
(I>-2).  Establish  the  remaining  points  to  the  left  and  right  of 
the  vertex  by  repeating  these  steps,  using  the  appropriate 
true  length  lines.  After  your  number  each  point  and  drawing 
the  element  lines,  the  final  steps  are  to  locate  points  G  and 
H. 

To  locate  G  and  H,  set  the  compass  to  the  true  length 
10-4;  and  with  10  and  4  as  center,  scribe  arcs  at  G  and  H  on 
the  half  pattern.  Then,  set  the  compass  to  DH;  and  with  D 
and  A  as  centers  scribe  intersecting  arcs  at  H  and  H  and 
draw  lines  A-G,  Cr-10,  E>-H  and  H-4,  By  connecting  all 
points  of  intersection  with  straight  or  curved  lines,  you 
complete  the  pattern.  This  final  step  forms  the  two  right 
triangles  at  the  extreme  ends  of  the  half  pattern. 

You  have  seen  why  a  transition  that  is  symmetrical 
requires  only  a  half  pattern.  However,  a  transition  with  a 
double  offset  will  require  separate  half  patterns,  since  all 
four  sides  are  different. 

Offset  rectangle-to-round  transition,  A  pattern  for  an 
offset  rectangle-to-round  transition  is  developed  in  much 
the  same  way  as  a  square-to-round  transition,  and  a  half 
pattern  will  be  sufficient  if  the  offset  is  only  to  one  side  of 
the  center.  The  rectangle-to-round  transition  with  the  round 
section  off-center  has  two  equal  sides  on  either  side  of  the 
centerline,  as  illustrated  by  Kne  EF  in  the  plan  view  of 
figure  1-88. 

Draw  the  plan  view  and  the  elevation  view  with  the  round 
section  off  center.  Draw  the  elevation  view  to  the  desired 


height  (8  inches,  in  this  case),  Tlie  (wo  tnie  length  chnits 
represent  the  clement  lines  for  each  qiiailcr  part  of  the  half 
pattern  and  are  lettered  A  and  B.  The  tnic  lengths  of  the 
element  lines  are  foimd  by  using  the  same  methods  that  are 
used  for  ,square- to-round  transitions.  The  halt  pattern  is 
developed,  using  the  measurements  of  the  rectangular  base, 
circumference  spacing,  and  the  true  length  clement  lines. 

Offset  cone.  The  offset  cone  is  developed  ^in  the  same 
way  as  the  components  we  have  already  discussed; 
however,  there  are  a  few  additional  steps.  Notice  in  figure 

1-  89  that  there  are  two  circumferences  for  the  frustum  that 
do  not  share  the  same  center.  Connecting  the  points  of  each 
circumference  forms  the  base  of  triangles,  such  as  triangle 

2-  ^3-4,  which  is  iiecessaiy  for  pattern  ^construction.  Two 
true  length  charts  (one  with  solid  lines  and  one  with  broken 
lines)  are  used  to  avoid  confusion  when  transferring  true 
lengths  to  the  pattern.  Other  than  this,  the  method  of 
developing  the  pattern  for  an  offset  cone  is  similar  to  that 
for  developing  a  pattern  for  an  oblique  cone. 

Since  this  particular  frustum  is  symmetrical  in  shape  (two 
equal  halves),  only  half  of  the  required  element  lines  need 
to  be  drawn  in  the  plan  view.  After  you  draw  the  plan  and 
elevation  views,  divide  the  circumference  in  the  half-plan 
view  into  the  same  number  of  equal  parts.  Number  these 
points  so  that  the  even  numbers  are  all  on  one  perimeter  and 
the  odd  numbers  on  the  other.  From  the  numbered  points  in 
the  plan  view  (starting  from  point  1),  draw  a  solid  line  from 
1  to  2,  then  a  broken  line  from  2  to  the  odd  No.  3.  Continue 
this  process  until  the  plan  view  resembles  the  one  shown  in 
figure  1-89. 

To  determine  the  true  length  of  the  elcincnt  liaes,  it  is 
necessary  to  draw  two  true  length  charts,  as  shown  in  ficurc 
1-90. 

To  coiistruct  the  pattern  for  an  offset  cone,  as  shown  in 
figure  1-91,  tlie  half-pattern  stretchout  is  begun  by  drawing 
line  1-2  (its  true  length),  which  is  obtained  from  view  A  of 
the  true  length  chart.  This  is  the  reference  line  for  the 
pattern,  and  all  future  points  or  lines  must  be  built  around  it. 
The  distances  between  the  odd-numbered  points  (1  through 

13)  on  the  base  line  of  the  pattern  are  equal  and  identical  to 
the  distances  between  the  same  numbers  in  the  plan  view. 
The  distances  between  the  even-numbered  points  (2  through 

14)  of  the  pattern  are  equal  and  identical  tv>  the  distances 
between  the  same  numbers  in  the  plan  view.  The  element 
lines  of  the  pattern  are  not  equal  in  length,  but  are  identical 
to  the  lengths  of  the  corresponding  numbered  lines  in  the 
true  length  charts.  To  complete  the  pattern,  except  for  seam 
allowances,  connect  all  points  of  intersection  with  smooth 
curved  lines. 

Remember  that,  in  pattern  development,  Wye  numbering 
of  element  lines  begins  where  the  component  is  to  be 
joined.  For  pattenis  made  by  the  triangubtior  .nctho  I,  the 
numbering  starts  at  the  center  «»f  A^z  p- -'c  "w. 

Many  items  arc  deveioped  by  trianguiation.  As  you  look 
aroand  liie  base,  each  sheet  metal  item  you  see  was 
developHid  through  one  or  a  combination  of  the  layout 
methods  we  have  discussed.  This  completes  our  discussion 
of  layout  methods.  Vou  have  studied  how  the  parallel  line 
method,  radial  line  method,  and  triangulation  method  are 
used  to  develop  patterns  for  sheet  metal  components. 
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Figure  1-87.  Developing  a  square-to- round  transition  patteni. 


Exercises  (412); 

1,  If  an  elenieni  line  travels  5  inches  on  the  plan  view, 
and  the  elevation  view  shows  the  object  to  be  5-inches 
high,  what  is  the  true  length  of  the  element  line? 


4.  Mark     the     components     requiring  triangulation 
development, 

 a.  Round  elbow.   c.  Cone. 

 b.  Square-to-Round   d.  Offset  cone. 

transition. 


2.  Why  are  two  true  length  charts  helpful  when  laying  out        5.  Ho\  *  many  views  of  an  element  line  are  needed  to 
v.n  oft  "  et  cone?  determine  the  true  length  of  an  element  line? 


3.  Why  arc  two  compasses  helplul  when  Uiir     the        6.  Why  is  only  a  half  pattern  necessary  for  symmetrical 
trianiiulation  method?  transition? 
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Figure  1-89,  Offset  cone, 

413.  State  the  location  of  and  the  effect  on  the  size  of 
material  by  seam  allowance  and  additions. 

To  simplify  these  discussions,  we  have  not  considered 
seam  allowances  and  additions »  although  in  actual  practice 
they  arc  included  in  the  pattern  development.  In  the 
following  paragraphs,  we  discuss  seam  allowances  and 
additions  which  are  made  and  described  on  the  pattern. 

Seam  Allowances.  In  figure  l-88»  you  can  see  an 
example  of  seam  allowances  and  additions  to  a  pattern  for  a 
transition.  Sheet  metal  patterns  such  as  the  two  halves  of 
the  transition  are  assembled  with  seams.  (Later  in  this 
course,  you  will  learn  to  make  and  use  several  types  of 
seams »  such  as  lap  seams  and  various  types  of  lock  seams.) 
Any  one  of  these  requires  additional  length  or  width  to  a 
pattem.  Patterns  developed  by  the  parallel  hne,  radial  line, 
or  triangulation  method  do  not  include  allowances  for 
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Figure  1-90.  True  length  chan. 

se?ms;  therefore,  you  must  determine  how  much  length  or 
width  is  to  be  added.  For  example,  if  the  transition  shown 
in  figure  1-88  is  to  be  assembled  with  1/4-inch  grooved 
seams,  the  pattem  must  allow  for  a  3/8-inch  extension  along 
line  F-4  and  3/8-inch  extension  along  line  E-10.  These 
seam  allowances  must  be  determined  and  added  to  the 
paper  and  metal  patterns  before  they  are  cut  out. 

Additions.  Figure  1-88  also  shows  additions  to  a  pattem. 
This  additional  length  may  be  needed  for  several  reasons. 
For  example,  if  the  pattem  is  for  a  transition  such  as  that 
shown  in  figure  1-86,  the  additions  to  each  end  are  probably 
2  or  3  inches.  However,  they  can  be  more  or  less, 
depending  on  how  the  transition  is  to  be  used.  The 
rectangle-to-round  transition  has  additions  at  both  ends 
which  permit  the  duct  to  continue  in  the  same  direction, 
although  the  shape  has  changed  from  rectangular  to  round. 
Another  reason  for  an  addition  is  illustrated  in  figure  1-86, 
where  the  round  addition  is  necessary  to  fit  into  the  pipe 
connection.  Still  another  use  for  additions  is  to  extend  the 
length  of  a  compoP';:;it  a  few  inches  to  fill  a  gap  in  a  duct.  If 
the  rectangular  end  is  to  be  connected  to  a  rectangular- 
shaped  duct,  a  seam  allowance  also  must  be  added  to  the 
addition. 


Figure  1-91,  Offset  cone  pattem. 
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Suppose  that  you  need  to  add  2  inches  to  the  pattern 
shown  in  figure  1-88  at  lines  AB,  AE,  and  BF,  Begin  by 
squaring  down  from  line  AB  2  inches  at  points  A  and  D  and 
striking  a  mark,  repeating  the  same  at  points  E  and  F,  The 
marks  are  joined  with  straight  parallel  lines. 

Notice  that  the  additions  have  tabs  at  A  and  B,  The  two 
tab  lines  at  points  A  and  B  are  perpendicular  to  the  base 
lines  of  the  triangles  shown  in  the  pattern.  Only  one  of  the 
tab  lines  at  points  A  and  B  is  cut,  so  the  corners  can  be 
joined  when  the  transition  is  assembled.  The  tabs  are 
secured  by  spot  welding  or  riveting  when  the  pattern  is 
assembled. 

In  figure  1-92,  the  rectangular  duct  pattern  will  need  an 
allowance  for  connecting  ends  (a).  If  the  cut  is  joined 
without  making  an  allowance  for  seams,  it  will  have  two 
short  sides.  Suppose  this  duct  is  to  be  joined  with  a 
Pittsburgh  lock  seam.  The  seam  allowance  is  determined  by 
the  type  of  seam  to  be  used.  To  make  the  Pittsburgh  lock 
seam,  allowances  are  made  on  each  side  of  the  duct.  On  one 
side,  15/16  inch  or  1  inch  is  needed,  whichever  the  machine 
in  your  shop  requires.  On  the  opposite  side  of  the  pattern, 
1/4  inch  is  needed  to  complete  the  lock  seam  allowance. 
The  length  of  the  duct  also  will  need  allowances,  since  it 
will  be  joined  to  another  duct  on  one  end  or  both  ends. 
Again,  the  allowance  will  be  determined  by  the  connection. 
If  you  are  using  an  S-shaped  hook  to  join  the  duct  on  both 
ends,  you  must  allow  1/2  inch  on  either  end  of  the  length, 
since  it  requires  a  1/2-inch  allowance.  All  element  lines  to 
be  folded  should  be  notched,  as  shown  in  figure  1-92,  so 
that  the  connection  can  be  made  more  easily. 

Layout  tools  useful  for  drawing  seam  allowances  and 
additions  on  paper  patterns  include  the  compass,  T-square, 
irregular  (French)  curve,  steel  rule,  and  triangle.  The  layout 
tools  used  to  make  stum  allowances  and  additions  on  metal 
patterns  include  the  framing  square,  combination  set, 
dividers,  and  scribe.  The  procedures  involved  in  making 
seam  allowances  and  additions  to  patterns  include  using 
these  tools  to  measure  and  make  parallel  lines. 


Exercises  (413): 

1 ,  Do  additions  for  seams  on  a  layout  pattern  increase  the 
size  of  the  item? 


2,  Explain  where  the  seam  allowance  is  placed. 


3,  For  a  1/4-inch  grooved  seam,  how  much  extension 
must  be  made  on  a  pattern? 


4,  Why  are  additions  made  to  both  ends  of  a  rectangular- 
to-round  transition? 


5,  What  layout  tools  are  used  to  make  seam  allowances 
and  additions  to  metal  patterns? 


414.  State  ways  to  eliminate  mistakes  and  insure  correct 
pattern  transfer. 

Transferring  Patterns  to  Metal.  In  the  previous 
discussions  about  layout,  you  probably  wondered  why  it 
was  suggested  to  first  draw  the  pattern  on  paper.  Two 
reasons  for  using  paper  are:  (1)  development  lines  can  be 
seen  much  more  easily  on  paper  during  the  layout  process 
and  (2)  materials  can  be  saved  when  several  different 
patterns  are  arranged  on  the  sheet  metal  close  to  each  other. 
In  a  previous  section,  we  referred  to  making  templates 
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Figure  1-92,  Seam  allowance  for  a  rectangular  duct. 
53 
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(metal  patterns)  of  components  that  are  frequently  made  in 
the  shop.  When  several  of  the  same  components  are  being 
made,  metal  patterns  or  templates  are  used,  since  paper 
patterns  become  grayed  and  worn,  causing  defects  when 
marking  lines  and  points.  When  transferring  a  pattern  to 
metal,  you  are  simply  using  the  outside  lines  and  points  to 
mark  the  metal  so  that  it  can  be  formed  into  the  shape  of  the 
component.  All  points  and  lines  should  be  marked  to 
eliminate  mistakes  when  you  are  forming  the  component. 

TransfeiTing  paper  patterns  to  metal  is  done  by 
duplicating  the  points  at  the  ends  of  element  lines  on  tlie 
metal.  A  pencil  with  a  sharp  point  should  be  used  to 
carefully  mark  the  outside  lines.  Weights  can  be  placed  on 
the  pattern  to  prevent  slipping  during  the  transfer.  The 
points  and  li *  are  then  prick-punched  on  the  metal  for 
clarification,  I A  prick  punch  is  a  sharp-pointed  punch,) 

Patterns  that  are  used  repeatedly  are  made  of  metal  and 
are  called  templates  or  master  patterns.  If  paper  patterns  are 
used  repeatedly,  they  soon  become  worn  and  inaccurate. 
When  several  identical  items  are  to  be  made,  you  will  save 
time  by  preparing  a  template.  Figure  1-93  shows  a  metal 
template  of  a  cylindrical  pipe  cut  at  an  angle,  and  a  scriber 
is  being  uscJ  to  mark  the  lines  to  be  cut.  Templates  larger 
than  the  one  illustrated  usually  are  held  in  place  with 
clamps  while  the  scriber  is  used. 

Transferring  metal  patterns  is  just  like  transferring  paper 
patterns,  except  that  different  tools  are  used,  A  scribe  is 
used  to  mark  the  edges  and  the  lines.  The  prick  punch  is 
used  to  mark  points  at  the  end  of  element  lines,  just  as  is 
done  for  pattern  transfer.  The  metal  pattern  to  template  can 
be  held  in  place  with  weights,  as  in  figure  1-94,  or  by  a 
clamping  device. 

Transferring  a  pattern  for  a  rectangular  duct  is  fairly 
easy.  For  example,  the  pattern  la  xigure  1-92  is  transferred 
to  metal  by  duplicating  its  shape  and  using  a  prick  punch  to 
locate  the  end«  of  the  element  lines.  Lines  b,  c,  and  d  are 
the  break  lines  when  forming  the  duct. 

Transferring  the  pattern  for  a  cone-shaped  component 
with  a  miter,  such  as  shown  in  figure  1-65,  is  done  by 
simply  duplicating  the  shape  of  the  mitered  pattern  on  the 
sheet  metal. 

Transferring  elbow  patterns,  such  as  those  shown  in 
figure  1-68,  requires  a  little  different  method.  This  is  a 
single  pattern  that  is  sufficient  to  make  five  pieces  for  the 


Figure  1-93,  Using  a  template. 
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Figure  1-94,  Transferring  metal  patterns, 

elbow.  The  working  line  on  this  pattern  is  ver}'  important 
when  you  are  transferring  the  pattern  to  metal.  During  the 
following  explanation  of  the  transfer,  you  will  see  why 
marking  the  pattern  for  identification  is  necessary,  A  five- 
piece  elbow  requires  five  gores.  Marking  gores  I  and  V 
requires  half  the  pattern  (A  or  B),  which  is  divided  at  the 
working  line.  Gores  II,  III,  and  IV  are  made  by  using  the 
whole  pattern  (A  and  B),  Thus,  you  can  sec  that  transferring 
other  elbow  patterns  to  metal  is  similar  to  transferring  other 
patterns,  except  that  you  must  remember  to  use  half 
patterns  for  the  end  gores. 

If  you  need  to  make  a  45°  elbow,  the  same  elbow  pattern 
can  be  used,  transferring  only  2  half  gores  and  1  full  gore. 
Notice  in  the  plan  view  of  figure  1-68  that  each  of  the  whole 
gores  is  divided  by  broken  lines  to  show  whole  and  half 
gores. 


Transferring  patterns  for  a  round  Y-branch,  as  ^ucmi  in 
figure  1-69,  is  similar  to  the  process  for  other  pattv  ms.  This 
layout  has  only  thr  -  i  ittems.  The  pattern  fci  piece  IK  is 
transposed  only  one  time,  but  patterns  for  pieces  and  IV 
and  I  and  V  are  transposed  twice. 

Transferring  patterns  for  a  T-joint,  such  as  that  showu  in 
figure  1-70,  is  done  by  marking  on  the  outsid**  cfl^es, 
except  for  the  cutout  in  the  pattern  of  the  main  ;r.pe  The 
cutout  is  marked  on  the  inside  so  that  the  line  can  Je  cut  o.it 
before  forming. 

When  transferring  a  pattern  for  a  pyramid,  such  as  that 
shown  in  ^igure  1-76,  the  lines  are  made  on  the  outside  edge 
and  at  the  intersecting  points.  The  intersecting  points  are 
the  break  lines  for  forming  the  pattern  into  shape. 

When  transferring  the  pattern  for  a  round  offset,  such  as 
that  shown  in  figure  1-91,  you  will  need  two  half  patterns, 
since  it  was  laid  out  in  a  half  pattern.  If  you  want  to  make 
only  one  seam  instead  of  two  with  this  half  pattern,  it  is 
necessary  to  make  one  half  of  the  pattern,  roll  it  end-to-end, 
aligning  lines  l-j>,  and  continue  marking  the  other  half. 

The  procedures  for  transferring  patterns  for  square-to- 
round  components,  such  as  those  shown  in  figure  1-87,  are 
much  the  same  as  for  other  patterns.  The  outside  of  the 
pattern  is  marked,  and  the  ends  of  the  element  lines  are 
prick  punched  so  that  they  may  be  seen  when  you  are 
forming  the  component. 

You  have  lesirned  how  patterns  arc  developed  from 
working  drawings.  This  included  the  parallel  line,  radial 
line,  and  triangulation  methods  of  pattern  development. 
You  have  studied  about  seam  allowances,  additions,  and 
how  patterns  are  transferred  to  metal. 

Exercises  (414): 

1.  To  eliminate  mistakes  while  forming  a  component, 
what  should  you  do? 


2,  A  one-time  pattern  usually  is  made  from  what  type  of 
material? 


3,  Break  lines  on  a  metal  pattern  are  transferred  by  what 
tool? 


4,  To  eliminate  pattern  shifting  during  the  transfer  of 
break  lines,  what  action  should  you  ta' 


5.  How  do  you  use  the  elbow  patterns  to  make  end  gores? 
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6,  When  tninsfcrring  ihe  patterns  for  a  muiul  oil  set.  you 
will  need  how  many  patterns? 


7,   how  is  i'ic  ry.i^  r  n  trim  .iciicJ  tcr  ;  '«  ynv\': 


1-4.  Structural  Steel  Layout 

When  working  with  thin  sheet,  you  can  eiitimave  (or 
sometimes  even  disregard)  the  thickness  of  the  material. 
When  working  with  plate  iron  or  stnjctural  steel,  neglecting 
the  thickness  of  the  material  would  cause  .serious  deviations 
from  specified  dimensions  or  perhaps  a  complete  lack  of  fit 
between  component  parts. 

When  bending  metal  to  exact  dimensions,  you  must 
know  the  amount  of  material  used  in  forming  the  bend.  The 
amount  of  material  which  actually  is  used  is  known  as  the 
bend  allowance, 

415.  Match  bend  allowance  terms  with  the  correct 
definitions. 

Bend  Allowance  Terms.  Bending  compresses  the  metal 
on  the  inside  of  the  bend,  and  stretches  the  metal  on  the 
outside  of  the  bend.  Halfway  between  these  two  surfaces  or 
extremes,  lies  a  space  that  neither  shrinks  or  stretches,  but 
retains  the  same  length.  This  is  the  neutral  axis.  Figure  1-95 
(top)  illustrates  the  nentral  axis  of  a  bend.  It  is  along  the 
neutral  axis  that  the  bend  allowance  is  computed. 

In  order  for  you  to  more  thoroughly  understand  tlie 
calculation  and  discussion  of  bend  allowance,  you  should 
understand  thoroughly  the  following  definitions.  Figure  1- 
95  of  (bottom)  illustrates  each  of  these  component  parts. 

Leg.  The  longer  part  of  a  formed  angle. 

Flange.  The  shorter  part  of  a  formed  angle.  If  both  parts 
are  the  same  length,  each  is  known  as  a  leg. 

Mold  line  (ML).  The  line  formed  by  extending  the 
outside  surfaces  of  the  leg  and  flange  so  that  they  intersect. 

Bend  tangent  line  (BL).  The  line  at  which  the  metal  starts 
to  bend. 

Bend  allowance  (BA).  The  amount  of  material  consumed 
in  making  the  bend, 

Radius  (R).  The  radius  of  the  bend  it  is  always  measured 
from  the  inside  of  the  bend  unless  othen^'ise  stated. 

Setback  (SB).  The  amount  that  the  two  mold  line 
dimensions  overlap  when  they  are  bent  around  the  formed 
part.  In  a  90°  bend,  SB  =  R  -i-  t  (radius  of  the  bend  plus  the 
thickness  of  the  metal). 

Bend  line  (also  calleo'  brake  line  or  sight  line).  The 
layout  line  on  the  metal  being  formed  which  is  set  even  with 
the  nose  of  the  I.  ake  and  serves  as  a  guide  in  bending  the 
work.  (BefCi*^  bending  it  na-si  be  decided  which  end  of  the 
material  can  be  most  con^  eniently  inserted  in  the  brake,) 
The  bend  line  is  then  measured  and  marked  with  a  soft 
pencil,  from  the  bend  tangent  line  closest  to  the  end  which 
is  placed  under  the  brake.  This  measurement  should  be 
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Exercises  (415): 

Select  the  term  in  column 
definitions  in  column  A. 


B  which  best  niatche:>  the 


 1. 

The  amount  ot  rnalcria!  consumed 

Leg. 

in  making  the  bend. 

b. 

Flange. 

 2. 

Line  which  :;ervcs  as  a  guide  when 

c. 

Mold  line. 

bending  the  work. 

d. 

Bcr.d  tangent  line. 

.  3. 

Base  measurement  minus  the  sei- 

0. 

Bend  allowance. 

back. 

f. 

Setback. 

4 

Angle  less  than  90**  between  legs. 

g- 

Bend  hne. 

The  longer  part  of  a  formed  angle. 

h. 

Flat. 

6. 

The  shorter  part  of  a  formed  angle. 

t. 

Base  measurement. 

7. 

Mold  line  overlap  when  formed 

j- 

Closed  angle. 

around  part. 

k. 

Open  angle. 

416,  Compute  the  bend  allo^vance  required  for  given 
ban  radii  and  plate  thickness. 


CDC -027 

Figure  1~95.  Bend  allowance  terms. 


equal  to  the  radius  of  the  bend.  The  metal  is  then  inserted  in 
the  brake  so  that  the  nose  of  the  brake  will  fall  directly  over 
the  bend  line. 

flat  portion  or  Flat.  The  flat  portion  or  flat  of  a  plate  is 
that  portion  not  included  in  the  bend.  It  is  equal  to  the  base 
measurement  minus  the  setback. 

Base  measurement  (or  mold  line  measurement) .  The  base 
measurement  is  the  outside  dimensions  of  a  formed  plate. 
Base  measurement  will  be  given  on  a  blueprint  or  drawing 
or  may  be  obtained  from  the  original  part. 

Closed  angle.  An  angle  that  is  less  than  90°  when 
measured  between  legs,  or  more  than  90°  when  the  amount 
of  bend  is  measured. 

Open  Angle.  An  angle  that  is  more  than  90°  when 
measured  between  legs,  or  less  than  90°  when  the  amount  of 
bend  is  measured. 


Computing  Bend  Allowance.  In  order  to  compute  bend 
allowance,  two  primary  facts  must  be  known;  the  radius  of 
the  bend,  and  the  degree  of  angle  in  the  bend.  Usually,  each 
of  these  factors  can  be  determined  from  the  blueprints  or 
drawings  from  which  you  are  working. 

As  you  study  the  following  examples,  refer  to  figure  1-95 
(bottom)  to  help  you  understand  where  and  how  the 
mathematical  figures  are  obtained.  Remember,  bend 
allowance  is  measured  from  the  inside  of  the  bend;  but  bend 
allowance  is  computed  along  the  neutral  axis  of  the  material 
being  used.  Therefore,  when  calculating  bend  allowance, 
add  the  bend  radius  to  one-half  of  the  thickness  of  tlie  metal 
to  determine  the  radius  of  the  neutral  axis. 

Bend  allowance  is  the  product  of  the  radius  of  the  neutral 
axis  of  the  bend  multiplied  by  the  size  of  the  bend  in 
radians.  The  radian  relates  the  length  of  the  arc  generated 
to  the  size  of  the  angle.  For  the  purpose  of  computing  bend 
allowance,  the  number  of  radians  per  degree  of  bend  is 
0.017453.  Thus,  the  formula  for  bend  allowance  is; 

ba  =  r  X  e 

Where 

ba  =  bend  allowance 
r  =  radius  of  the  neutral  axis  of  the  bend 
6    of  the  angle  of  the  bend  in  radians 

Example  I  (fig.  1-96).  What  is  the  bend  allowance  for  a 
90°  bend  which  is  to  be  made  in  plate  that  is  1/2-inch  thick? 

r  =  0.50  +  0.250  =  0.750  inches 
6  =  0.017453  X90=  1.57  radians 

Therefore 

ba  =  0.750x  1.57  =  1.178  or  1.18  inchc- 
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Figure  1-96.  Bend  allowance  and  length  computation  for  a  90"  L-shapcd  bracket. 


Example  2  (fig.  1-97).  What  is  the  bend  allowance  for  a 
180°  be'^d  ^vhich  is  to  be  made  in  a  length  of  1/2-inch  stock? 

r  =  1 ,0  +  0.250  =  1.25  inches 

e  =  0.017453  X  180  =  3. 14  radians 

Therefore 

ba  =  1,25  X  3.14  ^  3,925  inches 

Exercises  (416): 

1,  Compute  the  bend  allowance  for  a  1/2-inch  thick  plate 
to  be  bent  at  a  45''  angle  with  a  1-inch  bend  radius. 


What  is  the  formula  used  to  determine  bend 
allowance?  What  does  each  symbol  of  the  formula 
mean? 


4.  What  information  must  be  obtained  from  a  print  or 
drawing  before  a  bend  allowance  can  be  computed? 


2.  What  number  is  used  to  compute  the  number  of  radians       5.  Compute  the  bend  allowance  for  a  1/4-inch  thick  plate 
per  degree  of  bend?  to  be  bent  180*'  with  a  2-inch  bend  radius. 
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CHAPTER  2 


Seams  and  Joint  Connections 


IN  THIS  CHAPTER  we  will  discuss  several  types  of 
seams  that  are  used  to  assemble  sheet  metal 
components.  Some  of  these  have  been  previously 
mentioned  in  other  volumes  of  this  CDC,  and  you  are 
not  a  stranger  to  their  purpose  and  use.  Now  you 
should  be  ready  to  learn  how  to  make  these  seams  and 
joint  connections. 

We  will  discuss  lap  seams,  such  as  flat  lap,  offset  lap, 
and  corner  lap;  lock  seams,  such  as  grooved,  double, 
Pittsburg,  and  dovetail;  and  joint  connectors,  such  as 
S-slips,  drive  slips,  and  tapped  connections.  We  also 
explain  how  to  make  pattern  allowances  for  these 
seams  and  joint  connections  as  well  as  how  to  notch, 
form,  and  assemble  them. 

Although  there  are  other  types  of  seams  and  joint 
connections,  we  have  chosen  to  discuss  only  the  ones 
that  you  are  most  likely  to  encounter.  You  need  this 
knowledge  of  seams  and  joint  connections  when  you 
fabricate,  install,  and  repair  ducts  annd  other  sheet 
metal  components. 

2-1 .  Lap  and  Lock  Seams 

In  this  section,  wc  will  discuss  seams,  seam 
allowance,  and  theformingof  seams.  This  information 
is  vital  to  your  job  progression. 

417.  List  the  general  types  of  lap  seams  and  give  some 
features  of  lap  seam  design. 

Lap  Seams.  A  lap  seam,  as  its  name  implies,  is  a 
seam  or  lap  joint  in  which  one  piece  of  metal  partially 
extends  or  laps  over  another.  There  are  three  general 
types:  the  flat  lap  seam,  offset  lap  seam,  and  corner  lap 
seam.  They  are  usually  joined  with  rivets,  spot  welds, 
bolts,  or  screws.  Lap  seams  may  be  sealed  with  solder 
or  sealing  tape. 

You  must  allow  extra  metal  in  a  pattern  for  the 
seam,  the  amount  depending  on  the  thickness  of  the 
metal  and  the  method  of  fastening  to  be  used.  In 
Chapter  1  of  this  volume  you  learned  how  seam 
allowances  are  made  on  patterns,  and  how  rivets  are 
spaced  for  lap  seams.  In  volume  2,  you  learned  how 


folding  and  forming  rnachines  are  used,  and  how  hand 
and  bench  tools  are  used. 

The  next  several  seams  arc  shov  n  in  figure  2-1  and 
will  be  referred  to  by  a  letter  and  number. 

Flat  lap  seam.  The  flat  lap  seam,  shown  in  A-1,  is 
made  by  simply  lapping  one  edge  of  sheet  metal  over 
another  edge.  The  allowance  for  the  lap  is  usually 
determined  by  the  thickness  of  the  tw<  sheets  and  the 
method  of  fastening  the  sheets. 

For  example,  light-gage  sheet  metal  (such  as  26- 
-gage)  which  is  to  have  a  riveted  flat  lap  seam  should 
have  a  1  /4  inch  lap.  This  means  that  the  centerlines  for 
the  rivet  holes  should  be  made  1  /  4  inch  from  each  edge. 
The  total  amount  of  material  allowed  for  a  1  /4  inch  flat 
lap  seam  is  1/2  inch.  In  this  case,  the  tinner's  rivets 
should  be  the  1  pound  size  and  should  be  spaced  a 
maximum  of  IVj  inches  apart  unless  otherwise 
specified  by  the  working  drawing. 

If  medium-gage  sheet  metal  (such  as  24  gage)  is  used, 
the  flat  lap  seam  should  have  a  3/8  inch  lap;  and  the  2 
pound  tinner's  rivets  should  be  spaced  a  maximum  of 
2Va  inches  apart. 

If  heavy  gage  sheet  metal  (such  as  16  gage)  is  used, 
the  flat  lap  seam  should  have  a  ! /2-inch  lap  and  the 
4-pound  tinner's  rivets  should  be  spaced  a  maximum  of 
3V2  inches  apart. 

Offset  lap  seam.  The  offset  lap  seam,  siiown  in  A-2, 
is  very  similar  to  the  flat  lap  seam  except  that  one  edge 
is  offset  so  that  one  sheet  will  be  flush  with  the  other. 
An  offset  lap  seam  is  used  where  the  lap  needs  to 
appear  as  neat  as  possible.  Seam  allov/ances  for  offset 
seams  are  determined  in  the  same  way  as  the 
allowances  for  flat  lap  seams. 

The  cornice  brake  is  used  to  form  offset  bends,  as 
shown  in  figure  2-2.  Notice  in  step  A  how  the  bending 
leaf  is  pulled  forward  to  make  a  30"*  to  35°  bend.  In  step 
B,  a  spacer,  with  the  same  thickness  as  the  desired 
amount  of  offset,  is  placed  on  the  bending  leaf,  and  the 
sheet  metal  is  turned  over.  Jp  sf-n  C,  the  offset  is 
completed  when  the  top  leaf  is 

Inside  and  outside  corner  la  .  ,  is.  Inside  comer  lap 
seams  and  outside  comer  lap  seams ;  .such  as  those 
illustrated  in  B-2,3,  (fig.  2-1),  are  used  on  any  gage  of 
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metal,  especially  on  heavier  gages  of  sheet  metal.  Seam 
allowances  for  inside  and  outside  comer  seams  are 
determined  in  a  manner  similar  to  that  for  flat  lap  seams 
except  that  the  allowance  is  made  for  one  edge  only.  For 
example,  the  seam  allowance  for  26  gage  metal  is  1/2 
inch  on  the  folded  side.  In  this  case,  the  centerline  for 
the  rivet  holes  is  i/4  inch  from  both  edges.  The  inside 
and  outside  comer  lap  seams  are  used  on  boxes  and  pans 
and  other  items  with  square  comers. 


Seam  allowances  for  lap  seams.  We  have  described 
how  various  types  of  lap  seams  are  made  and  how  the 
seam  allowances  are  detemiined.  Figure  3-3  is  a  chart 
that  summarizes  seam  allowance  information  for  your 
use  and  quick  reference  as  you  train  on  tlie  job. 


1 


Figure  2-1 . 


Exercises  (417): 

1.  List  the  general  types  ot  lap  seams. 


2.  What  is  the  seam  allowance  for  a  l/4Mnch  flat  lap 
riveted  seam? 


3.  Where  is  the  offset  lap  seam  used? 


4.  What  type  of  seam  is  used  when  a  90°    bend  is 
needed? 


3  4 


metal  seams.  CPF—  9  7 
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Figure  2-2.  Making  an  offset  bend  with  a  cornice  brake. 


418.  Describe  lock  scams  and  give  their  uses. 

In  the  fabrication  of  sheet  metal  components,  you 
will  be  faced  with  many  problems  about  the  way  to 
connect  two  pieces  of  sheet  metal  together.  The  easiest 
way  is  not  always  the  best  way.  A  few  things  to  consider 
when  you  choose  the  best  fastening  method  are:  (1) 
how  big  is  the  item,  (2)  how  much  does  it  weight,  (3) 
what  load  must  it  hold,  and  (4)  is  it  to  be  watertight. 

Lock  Seams.  There  are  several  types  of  lock  seams 
for  connecting  two  pieces  of  metal  together  without  the 
use  of  rivets,  spot-welds,  bolts,  or  screws.  Lock  seams 
are  used  in  many  places,  such  as  metal  roofs,  cylinders, 
bottoms  on  cylinders,  and  stiffeners  on  ducts.  In  a  lock 
I     seam,  two  pieces  of  metal  are  formed  in  a  series  of 
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bends  and  so  interlocked  that  they  cannot  come  apart. 
They  are  held  in  place  by  themselves.  Many  lock 
seams,  like  those  on  a  roof,  are  weatherproof. 

Exercises  (418): 

1.  How  are  lock  seams  fastened? 


2.  List  at  least  three  uses  of  lock  seams. 


419.  Give  the  uses  of  the  standing  seam  and  some 
features  of  its  pattern  development. 

Standing  Seam.  Standing  seams  are  used  in  several 
differenct  ways  in  fabricating  sheet  metal  components. 
In  B-1  and  C-4  (fig.  2-1  two  views  show  you  how  the 
two  parts  are  assembled.  B-1  shows  the  seam  on  a  flat 
surface  and  C-4  shows  it  on  an  angle  (Roof  Ridge). 
Although  used  primarily  to  join  two  pieces  of  sheet 
metal,  the  standing  seam  also  acts  as  a  sliffener  because 
the  metal  is  folded  three  times.  Standing  seams  are 
sometimes  used  to  connect  joints  of  rectangular  duct,  to 
stiffen  the  long  joints  across  the  top  and  bottom  of  long 
ducts,  to  install  covers  over  the  ends  of  ducts,  and  to 
connect  the  comers  of  exhaust  hoods  over  kitchen 
stoves. 

The  seam  allowance  for  a  standing  seam  is 
determined  by  the  size  of  the  seam  and  the  thickness  of 
the  sheet  metal.  For  example,  if  a  standing  seam  is  to  be 
made  of  16  gage  (0.062  inch)  sheet  metal  and  is  to  be  1 
inch  high,  the  seam  allowance  must  be  3  inches  plus 
twice  the  metal  thickness.  An  easy  way  to  remember 
this  is  by  the  formula  3H  +  2T  (H  is  the  height  of  the 
seam  and  T  is  the  thickness  of  the  sheet  metal). 
Applying  this  formula,  three  times  1  inch  plus  two 
times  0.062  inch  equals  3.124  inches.  Remember, 
however,  that  this  is  the  total  allowance  and  includes 
both  sides  of  the  seam.  The  decimal  3.124,  when 
converted  to  a  fraction,  is  approximately  3Vs 
inches-the  total  allowance  for  the  standing  seam  in  this 
example.  Piece  1  of  the  seam  will  have  1  inch  allowed 
for  the  90®  flange,  and  piece  2  will  have  2Vk  inches 
allowed  for  the  180  degree  standing  fold.  When 
fabricated,  the  standing  seam  should  have  flush 
surfaces.  When  two  sections  of  duct  are  joined  with  a 
standing  seam  one  piece  is  bent  out  1  inch,  the  other 
piece  gets  two  90°  bends  (one  up  and  one  down).  Note: 
If  the  seam  is  to  be  on  the  inside  (used  when  insulating 
the  inside  of  the  duct)  then  the  first  bend  is  to  the  inside. 

We  have  described  how  allowances  are  determined 
and  how  standing  seams  are  fabricated.  Now  we  will 
examine  a  standing  seam  that  is  used  to  connect  two 
duct  joints. 

When  the  2  pieces  are  placed  together  the  second 
bend  on  piece  two  is  bent  over  piece  1  and  riveted, 
forming  the  finished  standing  seam  joint.  To  form  a  1 
inch  standing  seam  piece  1  is  bent  up  90°  at  a  brake  line 
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Type 
of 

Seam 

Gage 
of  Metal 

and 
Decimal 

L*ap 

Allowance 
(Width  =  W) 

Sise  of 

Tinner's 

Rivets 

Material  Required 

Formula 

Side  1 

or 
Piece  1 

Side  2 

or 
?iece  2 

f  lav  i.^p 

26  (0.  018") 

1/4" 

1  lb 

2  X  W 

1/4" 

1/4" 

24  (0.  025") 

3/8" 

2  lb 

2  X  W 

3/8" 

3/8" 

22  (0.  031") 

3/8" 

2  1/2  lb 

2  X  W 

3/8" 

3/8" 

C\)  \\}»  \}^  i  ) 

'\  /AM 

'K  IK 

2  X  W 

3/8" 

3/8" 

1  /7 
I  /  C 

4  lb 

2  X  W 

1/2" 

1/2" 

CJtxset  i-«ap 

26  (0.  018") 

1/4" 

1  lb 

1  /Alt 

1  /^ 

24  (0.  025") 

3/8" 

2  lb 

2  X  W 

^  /Q  1 1 

J  /o 

/fill 

22  (0.  031") 

3/8" 

2  1/2  lb 

?  V  w 

6    A  TV 

^  /oil 

'a  /Qll 
J/O 

20  (0.  037") 

3/8" 

3  lb 

P  V  w 

6    A  TV 

^  /oil 

^  /  Q  II 

16  (0.  062") 

1/2" 

4  lb 

2  X  W 

1/2" 

1/2" 

Corner  Lap 

26  (0.  018") 

1/4" 

1  lb 

2  X  W 

1/2" 

24  (0.  025") 

3/8" 

2  lb 

2  X  W 

3/4" 

22  (0.031") 

3/8" 

2  1/2  lb 

2  X  W 

3/4" 

20  (0.  037") 

3/8" 

3  lb 

2  X  W 

3/4" 

16  (0.  062") 

1/2" 

4  lb 

 1 

2  X  W 

1" 

Figure  2-3 .  Seam  allowances  for  lap  seams. 


1  inch  from  the  edge.  Piece  2  is  also  bent  up  90"^  at  a 
brake  line  2Vg  inch  from  the  edge.  Then  you  reposition 
piece  2  (turn  it  over)  and  place  1  inch  of  the  bent  up 
portion  in  the  break.  Make  the  next  bend  1  inch  from 
the  edge,  this  bend  is  to  be  160°  .  Remove  from  the 
brake  and  flaten  bend  to  1 80^  .  Leave  the  ci^uunel  open 
just  enough  to  insert  the  bent-up  part  of  piece  1.  The 
standing  seam  makes  a  good  tightjoint  connection  but 
is  open  at  the  corners.  These  corners  may  be 
strengthened  by  corner  clips.  You  should  remember 
comer  clips  from  your  study  of  Volume  2. 

The  standing  seam  can  also  be  used  across  the  center 
of  long  duct  joints  when  two  piecesof  metal  are  used  to 
make  the  top  or  bottom  sides.  Used  this  way,  the 
standing  seam  gives  additional  bracing  and  allows 
smaller  pieces  to  be  used.  The  strength  added  by  the 
standing  seam,  the  four  Pittsburg  corner  seams,  and 
the  cross  bracing  makes  a  very  strong  duct. 

Exercises  (419): 

1.  Give  the  uses  of  the  standing  seam. 


2.  Give   the   formula   for   determining  the  seam 
allowa.ice. 


3.  To  develop  a  pattern  for  a  3/4-inch  standing  seam, 

the  second  bend  should  be  from  the 

edge  of  the  metal  (pattern). 


420.  Cite  some  of  the  ^tx^i^i^riant  procedures  in 
forming  a  grooved  seam. 

Grooved  Seam.  A  grooved  seam  is  shown  in  A-3  (fig. 
2-1).  Note  how  it  resembles  a  standing  seam  that  has 
been  bent  over  and  then  shaped  with  a  hand  groover. 
One  of  the  main  uses  for  grooved  seams  in  duct 
construction  is  to  join  the  edges  of  round  duct  joints. 
Grooved  seams  are  also  used  for  joining  sheets  of  metal 
roofing  and  for  seams  not  located  in  the  comers  of 
rectangular  ducts.  In  the  following  paragraphs  we  will 
describe  how  grooved  seam  allowances  are  determined 
and  how  the  seams  can  be  made  with  a  Pittsburg  lock- 
forming  machine  or  with  a  bar  folder  and  handtools . 

Grooved  seam  allowance.  The  metal  allowance  for  a 
grooved  seam  made  with  a  Pittsburg  lock-forming 
machine  is  the  same  as  the  allowance  for  a  grooved 
seam  made  with  a  bar  folder  and  handtools.  As  with 
other  seams,  you  must  allow  for  the  width  of  the  seam 
and  the  thickness  of  the  metal.  The  allowance  for  a 
grooved  seam  is  three  times  the  width  of  the  seam  plus 
the  total  thickness  of  the  metal.  Sheet  metal  that  is 


62 


291 


24-gage  or  lighter  requires  an  allowance  of  three  times 
its  thickness,  and  sheet  metal  that  is  22  gage  or  heavier 
requires  an  allowance  of  five  times  its  thickness.  Thus, 
the  grooved  seam  allowance  formula  for  the  lighter 
gages  is  3W  +  3T  and  for  the  heavier  gages,  3 W  +  5T. 
Remember,  this  is  the  total  allowance  and  includes 
both  sides  of  the  seam. 

An  example  of  making  the  allowance  for  a  1  /  2-inch 
grooved  seam  in  26  gage  sheet  metal  is  (3  x  1  /  2)  +  (3  x 
0.018)  =  1V2  +  0.054  or  I'/j  +  1/  16  =  1  7i6  inches. 

Making  a  grooved  seam  with  a  bar  folder.  Now  that 
you  can  figure  seam  allowances,  let's  see  how  a  grooved 
seam  is  made  on  a  bar  folder.  (A  cornice  brake  can  also 
be  used.)  To  make  a  1/2-inch  grooved  seam,  set  the 
depth  gage  of  the  bar  folder  for  1  /  2  inch,  as  you  learned 
in  Volunu  ^  f  ^h^  f  nc.  Place  the  edge  of  the  metal 
between  the  a  folding  blade,  and  pull  the  wing 

forward  and  up  the  position  shown  in  step  A  of 
figure  2-4.  After  the  wing  is  returned  to  the  down 
position,  take  the  metal  out  of  the  folder  and  turn  it  over. 
Pull  the  wing  forward  and  up  until  the  folded  metal  is 
bent  180°,  as  shown  in  step  B.  You  use  this  same 
procedure  for  the  other  half  of  thes  seam.  If  you  make  a 
grooved  seam  on  round  duct  or  pipe,  make  the  two  180° 
folds  on  opposite  ends  of  the  same  piece  of  metal  but 
bend  them  up  at  one  end  and  down  at  the  other. 


FOLDING 
BLADE 


DEPTH 
GAGE 


B 

539-3905 

Figure  2-4.  Making  folded  edges  with  a  bar  folder. 


Now  look  at  figure  2-5.  In  step  A,  you  can  see  the  two 
180°  folds  that  were  made  on  the  bar  folder.  In  step  B, 
the  two  folded  edges  have  been  hooded  together  but  have 
not  been  locked  with  a  groove.  In  step  C,  a  hand  groover 
is  placed  over  the  seam  and  struck  with  a  tinner's 
riveting  hammer  to  form  the  groove  and  lock  the  seam 
together.  You  must  use  a  suitable  backing  plate  or  bench 
stake.  The  shape  of  the  component  determines  whether  a 
flat  plate  or  a  bench  stake  should  be  used  as  a  backing 
surface.  The  grooved  seam  should  be  well  set  to  prevent 
slipping.  Sometimes  it  is  desir^.ble  to  make  a  series  of 
indentations  along  the  seam  with  a  center  punch  as  a 
further  precaution  against  slipping. 

Making  a  grooved  seam  with  a  Pittsburg 
lock-forming  machine.  Making  a  grooved  seam  with  a 
Pittsburg  lockforming  machine  is  much  easier  and 
faster  than  the  multistep  h?* me*'  described  in  the 
preceding     paragraph-^  g  lock-formang 

machines  make  5/ 16-,  oi   l/2"inch  grooved 

seams,  depending  on  the  make  and  model  of  the 
machine. 

After  making  the  allowance  for  the  grooved  seam, 
adjust  the  thickness  gage  on  the  Pittsburg 
lock-forming  machine  to  correspond  to  the  thickness 
of  the  sheet  metal.  If  the  gage  is  set  too  loose,  the  result 
is  a  loose  seam.  If  the  gage  is  set  too  tight,  the  metal 
may  break  at  the  bends.  Also,  if  the  adjustment  is  too 
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Figure  2-5.  Making  a  grooved  seam  with  handtools. 
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Figure  2-^.  Grooved  seam  made  with  a  Pittsburg  lock-forming 
machine. 


machine,  place  them  together,  as  shown  in  figure  2-6, 
The  final  step  is  to  set  (tighten)  the  assembled  seam  with 
a  mallet  or  hammer  and  a  suitable  backing  plate  or  bench 
stake.  Although  a  grooved  seam  made  on  a  Pittsburg 
machine  is  tighter  than  the  handmade  seam,  it  is 
sometimes  desirable  to  center-punch  the  seam  in  several 
places  to  prevent  slippage. 

Exercises  (420): 

1 .  To  form  a  grooved  seam  with  a  bar  folder,  the  wing 
is  pulled  forward  and  up  times. 


2.  List  three  machines  that  you  can  use  to  make  a 
grooved  seam. 


3.  What  tools  do  you  need  to  set  a  grooved  seam  that 
v;as  formed  on  a  Pittsburg  lock-forming  machine? 


tight,  the  machine  may  be  damaged.  After  you  make 
this  adjustment,  turn  the  machine  on  and  feed  the 
metal  into  the  rollers.  Hold  the  metal  flush  against  Ihe 
guide  ai>  it  passes  through  the  forming  rollers.  It  is 
important  to  keep  the  metal  straight  as  it  starts  through 
the  rollers  because  the  machine  will  complete  the 
operation  whether  it  is  straight  or  not.  After  the  two 

I  
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C  D 
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Figure  2-7.  Making  a  conier  double  seam  for  articles  with  square 
comers. 


4.  Give  the  formula  for  the  seam  allowance  of  a 
grooved  seam. 


421.  Give  a  selected  step  in  forming  a  double  lock 
seam,  determine  the  proper  seam  allowance,  and  list 
some  applications  of  the  double  lock  seam. 

Double  Seams.  Two  types  of  double  seams  are  the 
corner  double  seam,  used  to  seam  the  square  corners  in 
square  and  rectangular  ducts,  pans,  boxes,  etc.,  and  the 
bottom  double  seam,  used  to  fasten  bottoms  on 
cyhnders.  Notice,  in  figure  2-6,  2-7,  and  2-8,  that 
double  seams  are  somewhat  like  grooved  seams  except 
that  they  are  located  on  the  comers  and  edges  of 
components. 

^iieam  allowances  for  double  seams.  The  seam 
allowance  for  a  corner  or  a  bottom  double  seam  is 
three  times  the  seam  width  plus  twice  the  metal 
t  hickness  (3 W  4-  2T).  This  allowance  is  slightly  less  than 
the  allowance  for  a  grooved  seam  because  the  double 
seam  is  not  offset.  A  1  /  4-inch  double  seam  is  often  used 
with  28-  to  24-gage  sheet  metal,  and  a  3/8-inch  double 
seam  is  used  with  22-  to  18-gage  sheet  metal. 

Corner  double  seam.  A  corner  double  seam  can  be 
partially  made  on  a  bar  folder  or  cornice  brake, 
depending  on  the  length  of  the  component.  For 
example,  suppose  you  must  make  a  1/4-inch  double 
seam  on  a  24-gage  square  duct.  Before  the  duct  can  be 
formed  into  a  square  shape,  you  must  form  the  two 
parts  of  the  seam,  which  are  shown  in  steps  A  and  B  of 
figure  2-7.  If  the  duct  joints  are  20  inches  or  less  in 
length,  you  can  make  the  bends  for  the  double  seam  on  a 
bar  folder  by  setting  the  depth  gage  bar  for  1/4  inch. 
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bending  one  edge  90°.  and  ^/ending  the  opposite  edge 
ISO*',  as  shown  in  steps  A  and  B.  Make  these  bends  first 
because  they  are  difficult  to  make  after  the  joint  is 
formed  into  a  square.  To  form  the  joint  into  a  square,  use 
the  cornice  brake  to  bend  tl;e  metal  90"^  along  each  of  the 
tliree  element  (brake)  lines.  After  you  have  made  these 
bends,  join  the  edges  as  .shown  in  step  C  of  figure  2-1 , 
The  next  step  is  setting  down  the  seam  as  shown  in  D. 


B 


Figure  2-8.  Making  a  bottom  double  seam  for  cylindrically  shaped 
articles. 


You  can  do  this  setting-down  operation  with  a  setting 
hammer  or  with  the  cornice  brake.  If  you  use  a  setting 
hammer,  you  must  have  a  backing  plate  or  suitable 
bench  stake.  In  step  E  of  the  illustration,  the  comer 
double  scam  begins  to  take  shape.  Bend  the  seam  over 
with  a  mallet  on  the  square  end  of  a  solid  mandrel  stake. 
When  completely  set  down,  the  comer  double  seam  will 
be  like  the  one  shown  in  step  F  of  figure  2-7.  As  with 
other  lock  seams,  indentations  made  with  a  center  punch 
will  keep  the  seam  from  slipping. 

Bottom  double  seam.  A  bottom  double  seam,  like  the 
one  shown  in  figure  2-8,  is  used  to  fasten  a  bottom  or  end 
on  a  cylinder.  The  illustration  shows  cutaway  views  so 
that  you  can  see  the  shape  of  the  seam  as  it  is  made.  As 
we  have  already  mentioned,  the  seam  allowance  for  a 
bottom  double  seam  is  three  times  the  width  of  the  seam 
plus  twice  the  metal  thickness. 

Now  let's  see  how  the  1/4-inch  bottom  double  seam 
shown  in  figure  2-8  is  made.  The  cylinder  is  identified  as 
piece  1  in  step  A,  and  the  bottom  is  identified  as  piece  2 
in  step  B.  These  two  pieces  are  the  starting  parts  for  the 
seam.  Using  the  formula  3W  +  2T,  the  seam  allowance 
is  1/4  inch  for  piece  1 .  Piece  2  is  1/2  +  1/16  or  9/16  inch. 
You  use  a  burring  machine,  which  you  studied  in 
Volume  2,  to  tum  1/4  inch  90°  flanges  on  both  pieces.  In 
step  C,  you  place  the  bottom  on  the  cylinder.  In  step  D, 
you  tum  down  the  flanged  edge  of  piece  2  with  a  tinner's 
setting  hammer  or  mallet.  You  can  further  tighten  this 
edge  with  a  setting  down  machine.  To  complete  the 
seam,  as  shown  in  step  E,  use  a  mallet  and  double 
seaming  stake.  The  bottom  double  seam  is  now 
complete,  unless  you  must  make  it  liquid-tight  by 
soldering. 

Exercises  (421): 

1.  What  is  the  first  step  in  forming  a  bottom  double 

seam? 


2.  What  is  the  seam  allowance  for  a  20  gage  5/  16-inch 
corner  double  seam? 


3.  List  at  least  three  applications  of  the  double  seam. 


422.  State  the  uses,  seam  allowance,  and  forming 
steps  of  the  Pittsburg  lock  seam. 

Pittsburg  Lock  Seam.  The  Pittsburg  lock  seam, 
shown  in  C-2  (fig.  2-1),  is  most  often  used  along  one 
edge  or  comer  of  a  rectangular  duct  and  on  all  four  sides 
of  such  fittings  as  transitions  and  elbows.  The  Pittsburg 
lock  seam  is  made  in  two  parts.  The  flanged  edge  is 
usually  formed  on  a  comice  brake  or  on  a  bar  folder  if 
the  point  is  straight.  However,  if  a  rectangular-shaped 


65 


EKLC 


3  1 


offset  or  elbow  is  to  be  joined  with  a  Pittsburg  lock 
seam,  the  flanged  edge  is  turned  on  a  rotary  burring 
machine  or  by  hand  with  a  round  bench  stake  and  mallet. 
The  pocket  side  of  the  seam  is  made  on  a  Pittsburg  lock- 
tbrmmg  machine  or  a  cornice  brake.  You  join  the  seam 
by  inserting  the  flanged  edge  into  the  pocket  and  bending 
the  locking  edge,  which  extends  above  the  pocket,  to  a 
90**  angle  until  it  is  locked  and  looks  like  view  C-2, 

Seam  allowances  for  Pittsburg  lock  seams.  TTie 
allowance  for  a  Pittsburg  lock  seam  made  with  a 
cornice  brake  is  different  from  the  allowance  for  a 
seam  made  with  a  Pittsburg  machine,  Pittsburg  lock 
seams  made  with  a  Pittsburg  machine  usually  require 
an  allowance  of  15/16  inch,  1  inch,  or  iVie  inches 
(depending  on  the  make  and  model  of  the  machine)  for 
the  pocket  side  of  a  seam.  The  flanged  edfie  is  usually 
i ,  4  mchs  though  some  sheet  metal  workers  prefer  a 
5/  16-inch  flange. 

The  allowance  for  a  1  /  2-inch  Pittsburg  lock  seam 
made  on  a  cornice  brake  is  VA  inches  for  the  pocket 
side  and  1/4  inch  for  the  flanged  side. 

Making  a  Pittsburg  lock  seam  with  a  cornice  brake. 
To  make  a  Pittsburg  lock  seam  with  a  cornice  brake, 
several  steps  are  required.  After  you  make  the  seam 
allowance  for  both  sides,  you  form  the  flanged  side  and 
the  pocket  side  be  the  safe  procedure  as  the  first  four 
steps  for  making  a  standing  seam.  Where  the  metal  is 
clamped  under  the  top  leaf  and  the  bending  leaf  has 
been  used  to  bend  a  160°  angle.  To  make  the  pocket 
side  of  the  Pittsburg  seam,  return  the  bending  leaf  to  its 
down  position,  and  use  a  mallet  to  bend  the  90**  angle 
to  a  1 80°  angle.  Next,  release  the  clamping  pressure  of 
the  lop  leaf,  and  slip  the  metal  back  so  that  you  can 
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lower  the  top  leaf  to  form  a  tighter  180"^  bend.  The 
seam  will  need  to  be  offset;  do  this  by  turning  the  metal 
over  in  the  cornice  brake  and  lowering  the  top  leaf  until 
a  groove  is  formed.  The  final  step  in  making  the  pocket 
side  of  the  Pittsburg  lock  seain  is  to  strike  the  folded 
metai  with  a  mallet  until  the  edges  are  parallel,  as 
illustrated  in  the  lower  part  of  C-2  (fig,  2-1), 

Making  a  Pittsburg  lock  seam  with  a  Pittsburg  lock- 
forming  machine.  To  use  a  Pittsburg  lock-forming 
machine  to  make  a  Pittsburg  lock  seam,  set  the  metal 
thickness  gage  according  to  the  thickness  of  the  metal 
being  formed.  If  the  gage  is  set  too  loose,  a  loose  seam 
will  be  made;  if  it  is  set  too  tight,  the  metal  may  break  at 
the  bends.  Also  if  the  adjustment  is  too  tight,  the 
machine  may  be  damaged. 

After  setting  the  thickness  gage,  turn  the  motor  on 
and  hold  the  sheet  metal  flush  against  the  guide  as  you 
feed  it  into  the  rollers.  Be  sure  to  start  the  material 
straight.  As  this  sheet  comes  out  of  the  Pittsburg 
lock-forming  machine,  the  open  side  of  the  pocket  will 
be  facing  up. 

Exercises  (422): 

1.  Where  is  the  Pittsburg  lock  seam  most  frequently 
used? 


2,  What  is  the  seam  allowance  for  a  Pittsburg  lock 
seam  made  with  a  Pittsburg  machine? 


B 


Dovetail  seam. 
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3.  How  do  you  form  the  offset  on  a  Pittsburg  lock 
seam  formed  with  a  cornice  brake? 


423.  Identify  procedures  used  in  making  a  dovetail 
seam. 

Dovetail  Seam.  A  dovetail  seam,  illustrated  in  figure 
2-8,  is  often  used  to  connect  cylinder-shaped  ducts  or 
pipes  to  flat  surfaces,  such  as  the  base  of  a  roof  jack. 
View  A  in  the  illustration  shows  how  1/2-inch  square 
tabs  have  been  cut  and  every  other  one  bent  down  90° 
with  a  tinner's  hanuner  and  bench  slake.  This  bending 
opcittlion  can  also  be  performed  with  a  pair  of  common 
pliers.  A  hole  the  size  of  the  cylinder  is  cut  in  the  flat 
piece  of  metal  that  is  to  be  the  base.  Tlie  base  is  then 
placed  over  the  cylinder,  as  shown  in  view  B.  The 
remaining  tabs  are  bent  90°.  As  this  row  of  tabs  is  turned 
down,  the  blows  from  the  hammer  cause  both  rows  of 
tabs  to  tighten  against  the  flat  base. 

Determining  seam  allowances  for  a  dovetail  seam  is 
quite  simple.  The  flat  b?se  does  not  need  an  allowance 
because  the  hole  size  is  the  same  as  the  cylinder  that  will 


fit  over  it.  Thy.  allowance  for  the  1/2  inch-dovetail 
seam  for  the  cylinder  is  the  length  of  the  tabs,  which  are 
normally  1/2  inch  in  height.  After  cutting,  each  tab 
should  be  1/2  inch-high  and  1/2  inch-wide. 

If  a  dovetail  seam  is  used  to  fasten  the  base  of  a  roof 
jack,  the  seam  (tabs)  must  be  soldered  to  make  a 
watertight  seam.  However,  the  dovetail  seam  is  usually 
strong  enough  to  hold  the  base  securely  without  rivets, 
screws,  soldering,  or  spot  welding. 

In  this  section,  we  have  discussed  how  various  types 
of  lock  seams  are  made  and  how  the  seam  allowances 
are  determined.  The  chart  in  figure  2-10  summarizes  the 
seam  allowance  information  for  your  convenience. 

Exercises  (423): 

1.  The  dovetail  seam  is  used  to  attach  

or  duct  to  a  flat  surface. 


2.  Describe  how  to  make  a  dovetail  seam. 


Size  of 
Seam 

\  w  lain  —  w  / 
(Height  =  H) 

Gage  of 
Metal  and 
Decimal 
£quivalent 

Material  Required 

Type  of 
Seam 

Formula 
(Thickness  =  T) 

Side  1 
or 

Piece  1 

Side  2 
or 

Piece  2 

Standing 

1"  H 
1"  H 

24  (0.  025") 
18  (0.  050") 

3H  +  2T 
3H  +  2T 

1" 
1" 

2  1/16" 
2  1/8" 

Grooved 

1/2"  W 
1/2*'  W 

24  (0.  025") 
20  (0.  037") 

3W  +  3T 
3W  +  5T 

1/2" 
1/2" 

1  1/8" 
1  3/16" 

Corner  Double 

1/4''  W 
3/8''  W 

24  (0.  025") 
20  (0.  037") 

3W  +  2T 
3W  +  2T 

1/4" 
3/8" 

9/16" 
7/8- 

Bottom  Double 

1/4"  W 

24  (0.  025") 

3W  +  2T 

1/4" 

^/16" 

Pittsb  ^ 

Ma  h 
Pit  rg 
lAi^.  

.2.     ,0.       .  , 

-mined 
L       .odel  o£ 
Machine 

l/4"or 
5/16" 

1" 
or 
1  1/16" 

Pittsburg  Lock 
Made  With 
Cornice  Brake 

1/2"  W 

24  (0.  025") 

2W  +1/4"  +1/4" 

1/4" 

1  1/4" 

Dovetail 

1/2"  H  U 

26  (0.  018") 

1/2" 

1/2"  W 

Figure  2-10.  Seam  allowances  for  lock  seams. 
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3.  On  a  1/2-inch  dovetail  seam,  the  seam  allowance  on 
the  flat  surface  is  Why? 


2-2.  Joint  Connections 

In  this  chapter,  you  have  learned  how  seams  are  used 
to  join  pieces  and  corners  during  the  bricatioi.  f 
sheet  metal  componr^tc  we  n       urn  to  joint 

connectors,   sr^'  ^iips,  drive  slips,  tapped 

connections,  and  slip  joints  which  are  used  to  connect 
the  joints  of  ducts  or  fittings. 

424.  Given  information  on  metal  gage  and  duct  size, 
determine  the  type  of  joint  connector  to  use. 

Joint  Connectors,  Gage  of  Metal,  and  Bracing. 

Since  joint  connectors  and  bracing  are  often  fabricated 
in  the  sheet  metal  shop,  you  must  know  how  to 
determine  the  type  of  construction  that  is  appropriate 


to  a  specific  duct  system.  Since  standing  S-slips  are 
stronger  than  flat  S-slips,  we  have  included  a  chart  (fig. 
2-11)  to  show  the  gages  of  metal,  types  of  joint 
connectors,  and  type  of  bracing  recommended  for 
various  sizes  of  sheet  metal  ducts. 

Notice  in  the  chart  that  the  th.  of  the 

aluminum  is  measured  in  B&S  (Brovr  ^d  Sharp) 
gage,  which  is  recognized  as  standard  in  the  United 
States  for  wire  and  sheet  metal  not  made  of  iron  or 
steel.  Galvanized  sheet  iron  is  measured  with  USS  gage 
(US  Standard).  If  a  coating,  such  as  zinc,  is  applied  to 
sheet  iron  or  steel  to  form  galvanized  sheet  metal,  the 
material  is  approximately  0.004  inch  thicker  than  the 
gage  shown  on  the  chart.  The  recommendations  shown 
on  the  chart  are  suitable  for  actual  use,  though  your 
work  orders  or  job  specifications  may  give  other 
in$;tructions. 

You  can  see  in  figure  2-11  that,  as  duct  width 
increases,  it  is  necessary  to  increase  the  thickness  (gage) 
of  the  metal,  to  use  joint  connections  with  additiona 
strength,  and  to  use  appropriate  bracing.  For  exaniple. 


ALUMINUM 
BicS  (GAGE) 

GALVANIZED 
IRON 
.  USS  (GAGE) 

WXiTH  OF 
DUCT 

TYPE  OF  JOINT 
CONNECTOR 

BRACING 

24 

26 

Up  to  12'* 

Flat  S-alips  and  drive  alipSf  up  to 
35"  centars* 

Standing  saam  or  standing  S-slips* 
up  to  7*11"  cantsrs. 

Cross  brake 

22 

24 

13*'  to  24'' 

Standing  S-sXips  and  driva  slips « 
up  to  35^*  eantars. 

Cross  brake 

22 

*24 

25'»  to  30»* 

Standing  S-slips  and  driva  slips« 
up  to  7' 11'*  canters. 

Cross  brake  and  use 

1"  X  1**  X  1/8"  angU 
iron  or  1**  standing 

saam^           ^;-^wtav  ,^ 

22 

♦24 

31"    to  40" 

Standing  S-ft^A'if^*  and  driva  mXipUf 
y%P  to  7' 11"  cantsrs. 

Croi^      "^je  and  use 
1  1/2"      .  1/2" 

X  1/8" 
angle  iron  or  1  1/2" 
fft*««^4ng  -eanfis  on 
4'  canters. 

20 

♦22 

♦♦41  to  60" 

Standing  S-alips  (1  1/2"  pockat 
mrtA  1  1/2"  standing  reinforced 
adga  with  1  3/8"  X  1/8"  bar)  and 
driva  fllips  up  to  35". 

Cross  brake 

20 

♦22 

♦♦41"  to  60" 

Standing  S-slipa  (1  1/2"  pockat 
and  1  1/2"  standing  reinforced 
edge  with  1  5/8'*  XI /a**  bar)  and 
drive  sUp*  up  to  7*1 1*'  centers. 

Cross  brake  and  use 

1  1/2"  X  1  1/2" 

X  1/8" 
angla  iron  or  1  1/2" 
standing  seam  on 
4'  centers. 

*For  majdmum  strttogth,  incr^as^  taMtal  ^ickiMss  by  two  gaftts* 
Coiuiidar  hangars  whan  using  ducts  thia  alaa* 

Figure  2-1 1 .  Joint  connectors,  metal  gates,  and  bracing  recommended  for  sheet  metal  duct. 
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26  gage  galvanized  iron  (or  24-gage  aluminum)  sheet 
metal  is  adequate  for  ducts  up  to  12  inches  wide  if  the 
metal  is  braced  with  cross  brake  bends.  Notice  that  the 
type  of  joint  connector  is  determined  by  the  length  of 
the  duct  joints.  If  the  joints  are  35  inches  or  less  in 
length,  they  may  be  connected  with  flat  S-slips  and 
drive  slips.  If  the  joints  are  longer  than  35  inches  (up  to 
7-foot  1 1-inch  centers),  they  should  be  connected  with 
standing  seams  or  standing  S-slips. 

Exercises  (424): 

1.  What  type  of  joint  connection  and  bracing  is 
recommended  for  a  24-gage  galvanized  iron  duct  27 
inches  wide? 


2.  For  maximum  strength,  a  duct  58  inches  wide 

should   be   made  of   metal  with 

 standing     seams  on 

 centers. 


425.  Identify  fabrication  procedures  and  state  the  use 
of  S-sUps. 

S-Slips.  S-slips  are  used  to  join  sections  of  ducts  or 
fittings  during  the  installation  of  duct  systems.  In 
figure  2-12,  you  can  see  how  two  pieces  cf  sheet  metal 
can  be  joined  with  an  S-slip.  When  an  S-slip  is  used  with 
a  rectangular  shaped  duct,  it  connects  the  two  sides  that 
have  the  greatest  width.  As  this  width  increases,  the 
need  for  stiffening  and  bracing  also  increases,  and 
variations  of  the  S-slip  have  been  developed.  Figure  2- 
12  illustrates  three  types:  the  flat  S-slip,  the  standing  S- 
slip,  and  the  reinforced  standing  S-slip.  Standing  S-slips 
are  stronger  than  a  flat  S-slip.  A  reinforced  standing  S- 
slip  with  its  inclosed  flat  bar  is  the  strongest  of  the  three 
types. 

Flat  S'slip.  In  figure  2-12,  you  can  see  that  the  flat  S- 
slip  is  the  basic  construction  of  all  three  types.  Two  parts 
of  the  S-slip  are  1  inches  wide  and  one  part  is  1 
inches  wide.  When  an  S-slip  is  constructed  to  these 
dimensions,  it  allows  metal  to  overlap  1  inch  at  the  joint. 
However,  don't  let  this  mislead  you  about  the  amount  of 
sheet  metal  to  be  allowed  when  you  are  figuring  the 
length  of  the  duct  joints.  When  any  of  these  S-slips  are 
used  to  join  ducts,  each  duct  should  be  made  1/2  inch 
longer  at  the  end  that  fits  into  the  pocket  of  the  S-slip.  It 
is  a  common  mistake  to  allow  1  inch  for  each  piece  being 
joined. 

Fabricating  a  flat  S-slip  is  not  illustrated  here,  but  it 
is  bent  (formed)  as  indicated  in  D,  E,  and  1  of  fijOJre 
2-13.  to  make  a  flat  S-slip,  the  standing  edges  are 
omitted  from  the  pattern  and  steps  B  and  C  are  not 
performed.  The  following  paragraphs  will  clarify  this 
explanation. 

Standing  S-slip.  The  standing  S-slip  is  used  the  same 
way  as  the  flat  S-slip  because  the  S-slip  portions  are 
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identical.  The  difference  is  the  standing  edge,  shov.'n  in 
figure  2-12.  Tliis  standing  edge  is  usually  1  inch  high  but 
can  range  from  3/4  to  IVi-inches,  depending  on  the 
strength  required.  Standing  S-slips,  like  other  S-slips, 
are  used  to  join  the  widest  sides  of  a  rectangular  duct. 

Fabricating  a  standing  S-slip  is  not  difficult  and  is 
usually  done  with  a  cornice  brake.  The  first  step  is  to 
determine  the  dimensions  and  lay  out  the  pattern.  The 
pattern  should  look  like  step  A  in  figure  2-13,  if  you  are 
making  standing  S-slips  with  1  V%  inches  pockets  and  a  1 
inch  standing  edge.  The  length  of  the  standing  S-slip 
should  be  approximately  1/4  inch  less  than  the  width 
of  the  duct,  to  give  clearance  forthe  corner  lock  seams. 
Notice  how  the  1  Va  inch  portion  of  the  pattern  is  cut  at 
a  45°   angle  to  make  installation  easier.  For  training 


h  11/8"  H 


h  1  1/4"  H 

RECNFORCED  STANDING  S-SLIP 

Figure  2-12.  Types  of  S-slip. 

^3  o 


purpose? ,  we  have  included  the  braking  instructions  on 
the  pattern,  and  in  steps  B  through  F  of  figure  2-13,  the 
directions  of  the  bends  are  indicated. 

In  step  B  of  figure  2-13,  the  standing  edge  is  bent  180° 
at  the  1  inch  line.  Next,  in  step  C,  the  metal  is  bent  up 
90°  at  the  second  1  inch  line.  In  step  D,  the  metal  is 
turned  over  in  the  cornice  brake,  and  then  bent 
approximately  150**  at  the  third  line  between  the  two  1 
inch  measurements.  In  step  E,  the  metal  is  again  turned 
over  in  the  cornice  brake  and  bent  approximately  150°  at 
the  fourth  line  between  the  1  -  and  HA-inch 
measurements.  In  the  final  step  (F),  the  two  ISO""  bends 
are  flattened  with  the  cornice  brake  until  they  are  each 
180°, 

Reinforced  standing  S-sUp.  A  reinforced  standing  S- 
slip,  like  the  one  illustrated  in  figure  2-12,  is  similar  lo 
the  standing  S-slip  but  has  a  flat  bar  in  the  standing  edge 
to  increase  its  strength.  The  procedure  for  fabricating  a 
reinforced  standing  S-slip  is  similar  to  making  a  standing 
S-slip  as  explained  in  the  previous  paragraphs.  The 
reinforced  standing  S-slip  illustrated  in  figure  2-12  has  a 
1  inch  standing  edge,  which  is  reinforced  with  a  3/4-inch 
X  1/8-inch  flat  bar.  Flat  bars  of  other  widths  and 
thicknesses  can  be  used  if  the  dimensions  of  the  standing 
edge  are  increased  proportionately. 


Exercises  (425): 

1.  To  form  a  1-inchstandingS-slip,  the  first  two  bends 
are  for  the  , 


2.  What  is  the  last  step  in  forming  a  standing  S-slip? 


3.  For  what  purpose  is  the  standing  S-slip  used? 


426.  Given  uses  of  the  drive  s!ip  and  cite  the  steps 
needed  in  cutting  and  forming  them. 

Drive  Slip.  The  drive  slip  (sometimes  called  a  drive 
cleat),  illustrated  in  figure  2-14  and  A-4  of  figure  2-1,  is 
used  as  a  joint  connector  to  secure  piece  1  to  piece  2, 
Notice  how  the  drive  slip  and  the  turned  back  edges  of 
pieces  1  and  2  form  a  lock  joint.  You  install  the  drive 
slip  by  striking  it  lightly  with  a  hammer  in  the  direction 
indicated  by  the  arrow.  Although  drive  slips  can  be 
used  to  connect  flat  sheets  of  metal,  they  are  most  often 


'-WIDTH  OF  DUCT    MIHUS  1/4" 


STANDING  EDGE 

BEND  UP  180* 

1 

I 

( 1 

STANDING  EDGE 

BEND  UP  90" 

1 

t  

BtHV  DOWN  180* 

t 

BEND  UP  180* 

■ 

1 

\. 

I-  / 

t 


B 


n 


T 


n 


1  1/4' ■ -I 


Figure  2-13.  Making  a  standing  S-slip. 
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used  (in  conjunction  with  S-slips)  to  connect  joints  of 
duct.  In  the  preceding  text  segment,  we  said  that  S-slips 
are  used  to  join  the  widest  sides  of  the  duct.  Thus,  it  is 
appropriate  to  use  S-slips  across  the  top  and  bottom  of 
the  duct  and  drive  slips  on  the  sides,  as  shown  infi>?ure 
2-15.  When  S-slips  and  drive  slips  are  combmed  m  this 
manner,  the  term  **S-and-drive  slips"  is  used. 

Duct  joints  connected  with  S-and-drive  slips  are 
firmly  locked  together,  though  they  can  be  easily 
removed  if  it  is  necessary  to  dismantle  the  duct. 

The  material  needed  to  fabricate  a  drive  slip  is 
determined  by  the  width  of  the  drive  slip  and  the 
dimensions  of  the  d  uct,  usually  its  height.  The  first  step 
is  to  lay  out  the  pattern,  shown  in  Step  A  of  figure  2-16. 
This  figure  illustrates  the  often-used  1    -inch  drive  slip. 
Notice  that  an  extra  allowance  of — inch  is  made  on  the 
center  section  to  allow  easier  installation.  If  you  are 
making  a  drive  slip  for  an  18  x  12-inch  duct,  make  the 
drive  slip  14  inches  long  so  that  1  inch  extends  past  each 
end  and  can  be  bent  down  to  keep  the  drive  slip  in  place. 

After  you  have  made  the  pattern,  cut  the  metal  and 
use  the  bar  folder  to  turn  each  edge  180°  along  the 
brake  lines,  as  shown  in  steps  B  and  C  of  figure  2-16. 
With  45''  angles  cut  at  one  end,  the  drive  slips  can  be 
installed  with  less  effort.  When  completed,  the  1  inch 
drive  slip  should  have  the  dimensions  and  appearance 
shown  in  step  C. 

Exercises  (426): 

1.  Drive  slips  are  used  with  . 


STANOIMG  S-SLIP  DRP.'E  SLIP 

Figure  2-15 .  Duct  joints  connected  with  S-and-drive  slips. 

2,  The  drive  slip  pattern  for  an  18-inch  duct  should 
measure  inches. 
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A.  INSTALLINC  STANDIh 
SLIP. 


B.    JOINING  DUCT 
SECTIONS  WITH  S-SLIP 


C        INSTALLING  DRIVE 
SLIPS. 


n      BENDING  ENDS  OF 
DRIVE  SLIPS. 


Figure  2-17.  Connecting  duct  joints  with  S-t  d-drive  slips. 
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427,  Give  selected  steps  in  assembling  the  S-and-drive 
slip  connection. 

Installing  S-and-Drive  Slips.  Figure  2-17  illustrates 
the  complete  process  of  using  S-and-dnve  slips  to 
connect  joints  of  duct.  View  A  shows  standing  S-slips 
being  installed  on  the  top  and  bottom  sides  of  a  duct 
joint.  Notice  how  the  top  S-slip  is  started  at  a  45*^  angle 
because  the  channels  are  usually  tight  fitting.  After  the 
S-slip  is  started  at  one  end,  you  can  tap  it  into  place  with 
a  hammer  or  mallet  until  it  is  in  the  same  position  as  the 
bottom  S-slip  in  the  illustration.  Notice  the  position  of 
the  standing  edges  of  the  top  and  bottom  S-slips.  Figure 
2-17  also  shows  the  allowance  for  the  overlap  of  joints  1 
and  2.  This  allowance  is  1/2  inch  on  each  edge  when 
^I'g-inch  S-and-drive  slips  are  used.  The  additions  on 
both  joints  have  been  notched  45°  at  the  comers. 

View  B  of  figure  2-17  shows  how  joint  2  is  inserted  at 
one  end  into  the  S-slip.  Start  a  drive  slip  on  the  end  just 
inserted  to  hold  it  in  place,  and  move  joint  2  firmly  in  the 
direction  of  the  arrow  until  ?11  of  the  top  and  bottom  joint 
addition  is  inserted  into  the  pockets  of  the  S-slips.  Now 
joints  1  and  2  should  be  in  perfect  alignment.  However, 
the  two  S-slips  do  not  lock  the  joint.  The  next  step  is  to 
install  the  drive  slips  on  the  sides  of  the  duct  to  lock  the 
points  together.  View  C  of  figure  2-17  shows  how  you 
insert  a  drive  slip  over  the  ^umed  back  edges  of  the  two 
joints.  The  drive  slip  should  drive  on  easily  with  liRht 


taps  of  a  hammer  if  the  patterns  were  correctly  made  and 
the  edges  turned  properly.  When  both  drive  slips  are 
installed,  the  two  joints  are  firmly  held  together.  One 
more  step  is  taken  to  insure  that  the  drive  slip  does  not 
come  off. 

View  D  in  figure  2-17  shows  how  the  extra  1  inch, 
which  was  added  to  each  end  of  the  drive  slip,  is  turned 
down  to  form  a  positive  lock.  This  operation  completes 
the  connection  of  two  duct  joints  with  S-and-drive  slips. 
This  is  an  excellent  connection  and  has  the  additional 
feature  of  being  easy  to  disconnect  if  the  duct  should 
ever  need  to  be  dismantled. 

Exercises  (427): 

1.  What  is  the  first  step  in  connecting  two  duct  sections 
with  S-and-drive  slips? 


2.  Why  is  a  drive  slip  started  before  the  duct  is  fully  in 
place  in  the  S-slips? 


3.  Give  the  last  step  of  an  S  and-drive  slip  installation. 


B.  SIDE  PATTERN  ALLOWANCES 
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Figure  2-18.  Making  a  tapp>ed  connection  for  a  curved  takeoff  fitting. 
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428.  Point  out  selected  steps  in  the  fabrication  and 
installation  of  tapped  connections,  takeoff  fittings, 
and  slip  joints. 

Tapped  Connection.  A  tapped  connection,  like  the 
one  shown  in  view  A  of  figure  2-18,  is  used  to  join  a 
takeoff  fitting  to  a  duct.  A  takeoff  fitting  (also  called  a 
takeoff  or  simply  a  fitting)  is  used  to  connect  a  smaller 
duct  or  branch  line  to  a  larger  duct,  such  as  a  trunkJine. 
You  may  find  some  sheet  metal  workers  using  other 
names  of  the  tapped  connection  of  a  takeoff.  (**Clinch 
lock",  *T-lock,''  and  '*tap  connector"  are  often  used. 
In  step  4,  view  D,  of  figure  2-18,  you  can  see  the  flange 
(sometimes  called  a  frtime  or  collar),  which  forms  a  base 
for  the  takeoff  fitting  when  it  is  installed  in  the  trunkline 
opening.  After  the  tabs  are  inserted  in  the  opening,  they 
are  bent  90°  to  lock  the  fitting  to  the  trunkline.  A  takeoff 
fitting  may  be  curved,  straight,  or  tapered,  making  a  neat 
flush  fit. 

The  curved  tapped  connection  illustrated  in  figure  2- 
18  is  in  the  form  of  an  elbow,  and  four  pieces  are 
required  for  its  fabrication:  two  sides,  a  throat,  and  a 
heel.  Pittsburg  lock  seams  are  used  to  join  all  four 
comers.  The  material  allowance  to  make  this  tapped 
connection  is  included  in  each  pattern.  Note  in  view  B 
and  view  C  of  the  illustration  that  the  allowance  on  each 
pattern  is  Wa  inches. 

Before  you  form  the  tapped  connection  with  a 
cornice  brake,  you  must  form  the  flanges  and  pockets 
for  the  Pittsburg  lock  seams.  Turn  the  1/4  inch  flange 
on  the  two  side  patterns,  and  form  the  pocket  on  the 
throat  and  heel  patterns.  Next,  form  the  1/2  inch 
flange  for  the  tapped  connection,  as  shown  in  steps  1 
through  4  of  view  D  in  figure  2-18.  Bending  this  flange 
with  a  cornice  brake  is  the  same  procedure  used  earlier  in 
this  chapter  to  form  a  standing  seam. 

After  you  have  formed  all  four  pieces  and  assembled 
the  elbow,  cut  a  hole  in  the  trunkline,  insert  the  tapped 
connection  in  the  hole,  and  bend  the  labs  outward  90° 
with  a  hammer,  or  mallet,  using  with  a  dolly  or  bucking 
bar  as  a  backing  surface. 


Fabricating  a  Takeoff  Fitting.  The  fabrication 
procedure  is  similar  for  all  takeoff  fittings  and  includes 
making  •  seams,  joint  connectors,  and  tapped 
connectioi  We  will  explain  making  the  pattern  and 
allowances,  notching,  forming,  and  joining  a  tapered 
takeoff  fitting,  such  as  that  illustrated  in  figure  2-19. 
Notice  that  it  connects  a  branch  line  lo  the  side  of  a 
trunkline. 

Making  a  flat  pattern.  From  the  information  shown  in 
figure  2-19,  it  is  not  difficult  to  develop  the  flat  patterns 
shown  in  figure  2-20.  You  should  remember  from  the 
sheet  metal  layout  chapter  in  Volume  3  that  the  first  step 
is  to  draw  a  plan  view  with  the  dimensions,  as  shown  in 
figure  2-20.  From  the  plan  view,  you  develop  the  pattern 
(stretchout)  by  the  parallel  line  method  (except  for  the 
slanting  sides).  The  pattern  for  the  top  and  sides  is  in  one 
piece  because  you  will  use  two  Pittsburg  lock  seams  to 
join  the  bottom  piece.  Lay  out  flat  pattern  A  by  drawing 
a  straight  line  (stretchout)  equal  to  the  perimeter  of  the 
top  and  two  sides.  Next,  draw  the  two  perpendicular 
element  lines  where  the  comers  of  the  joint  will  be 
folded.  The  length  of  the  upper  stretchout  line  in  view  A 
is  equal  to  the  perimeter  of  the  12-  by  6-inch  opening  of 
the  transition.  With  the  ends  of  the  two  stretchout  lines 
connected,  you  can  determine  the  length  of  the  slanting 
sides  (true  length).  Flat  pattern  B  for  the  bottom  of  the 
takeoff  fitting  is  the  same  length  as  the  slant  length  of  the 
side  that  it  will  join. 

Making  allowances.  After  you  have  laid  out  the  flat 
patterns,  the  next  step  is  to  determine  the  seam 
allowances  and  additions,  shown  in  figure  2-20.  This 
includes  the  allowances  and  for  the  S-and-drive  slip 
connections,  the  Pittsburg  lock  seams,  and  the  tapped 
connection.  It  doesn't  make  any  difference  which 
allowance  you  develop  first.  We  have  elected  to  develop 
the  allowances  for  the  S-and-drive  slips  first.  They 
require  a  1/2-inch  allowance  on  both  patterns.  You  make 
the  allowance  for  the  Pittsburg  lock  seams  by  allowing 
1/4  inch  on  each  of  the  slant  sides  in  pattern  A  (fig.  2-20) 
and  1  inch  on  two  sides  of  pattern  B.  Make  the  allowance 
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Figure  2-19.  Tapped  connections  on  a  tapered  takeoff  fit;ing. 
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Figure  2-20,  Making  allowances  for  S-and-drivc  connections* 
Pittsburg  lock  seams,  and  tapped  connections. 


for  the  tapped  connection  on  both  patterns  and  include 
1/2  inch  plus  1/2  inch  for  the  flange  and  3/4  inch  for  the 
tabs,  a  total  of  Wa  inches  allowed  for  the  tapped 
connection. 

Notching.  After  you  have  determined  and  marked 
the  allowances,  cut  the  notches  and  slits,  as  indicated 
on  patterns  A  and  B  of  figure  2-20.  Each  notch  that 
forms  a  3/4  inch  tab  requires  two  cuts  and  is  placed  1 
inch  apart  in  this  example.  However,  in  other  patterns, 
the  length  of  each  tab  may  be  less  or  greater  depending 
on  the  strength  desired,  on  the  size  of  the  takeoff  fitting, 
and  on  the  effort  needed  to  reach  and  turn  down  the  tabs 
after  you  have  joined  the  fitting  to  the  duct.  Notice  that 
each  end  of  the  S-and-drive  connection  allowance  is 
notched  with  a  45''  cut.  The  ends  of  the  Pittsburg  lock 
seam  pocket  allowance  in  pattern  B  are  notched  (cut)  at 
90°  angles, 

Formin^^  You  can  make  ail  of  the  bends  indicated  m 
figure  2-20  with  a  cornice  brake,  a  mallet,  and  a 
Pittsburg  lock-forming  machine.  It  is  important  to 
follow  the  proper  sequence  for  making  the  bends  so  the 
top  leaf  of  the  cornice  brake  will  not  crush  a  fold 
already  made.  For  example,  cross  brakes  are  always 
made  first,  but  the  sequence  of  other  bends  may  vary 
depending  on  the  shape  and  direction  of  the  bends,  A 
sequence  that  works  in  most  cases  for  square  or 
rectanglular  duct  components  is  as  follows:  (1)  make 
the  cross  brake,  (2)  bend  the  side  allowances  according 
to  the  seam  procedure,  (3)  bend  the  end  allowances 
according  to  the  procedure  for  the  type  of  joint,  and  (4) 
make  the  corner  bends  indicated  on  the  pattern. 

To  make  the  bends  for  the  takeoff  fitting  (fig.  2-20), 
the  first  step  is  to  do  the  prescribed  cross  braking.  Pattern 
A  (piece  A)  is  placed  in  the  cornice  brake  so  that  the 
metal  is  at  a  45°  angle  to  the  top  leaf,  the  metal  is 
clamped  with  the  top  leaf,  and  the  bending  leaf  is  raised 
10°  to  15°,  Repeat  this  procedure  along  the  other  cross 
brake  lines. 

Continuing  with  piece  A  only,  the  second  step  is  to 
bend  the  1/4-inch  flange  90^  for  the  Pittsbrug  lock 
seam.  This  operation,  shown  in  figure  2-21,  is 
performed  with  the  cornice  brake  and  mallet.  This  lets 
you  bend  the  1/4  inch  flange  without  bendii  g  the  end 
of  the  1  inch  straight  and  the  end  of  the  allowance  for 
the  drive  slip  connection.  After  bending  to  90°  the 
flanges  at  each  side  of  piece  A,  you  must  straighten  out 
each  end  for  about  2  inches  so  that  you  can  clamp  the 
metal  in  the  cornice  brake  to  make  the  tapped 
connection  bends. 

The  third  step  for  piece  A  (fig.  2-20)  is  to  make  the 
bends  that  will  be  at  the  two  ends  of  the  takeoff  fitting. 
Make  the  bends  for  the  tapped  connections  with  the 
cornice  brake,  as  described  in  the  next  paragraph. 

The  180°  bends  for  the  drive  slip  connection  are 
made  as  illustrated  in  figure  2-22.  Use  the  mallet  only 
to  fold  the  bends  for  the  I  /  2  inch  allowance  for  the  two 
side  pieces,  (The  1/2  inch  allowance  for  the  S  slip 
connection  on  the  top  and  bottom  pieces  must  remain 
straight).  If  desired,  you  can  use  a  hand  seamer  to  make 
the  bend  instead  of  the  cornice  b/ake  and  mallet.  The 
I /4-inch  90°  flange  for  the  PittsLurg  seam,  which  was 
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Figure  2-21 .  Bending  1/4-inch  flange  with  comice  brake. 


temporarily  straightenend  for  2  inches  on  each  end  of 
piece  A,  is  now  returned  to  the  90®  angle  with  a  hand 
seamer. 

Step  4  of  ;he  forming  process  for  piece  A  in  figure  2- 
20  is  to  use  the  comice  brake  to  make  the  two  90°  comer 
corner  bends.  Make  the  first  corner  where  the  top  side 
and  the  left  side  meet,  with  the  pattern  positioned  at  the 
left  end  of  the  cornice  brake.  This  prevents  damaging 
the  flange  of  the  tapped  connection.  Next,  bend  the  90*^ 
corner,  where  the  top  side  and  the  right  side  meet,  in 
the  same  way.  This  is  the  final  step  for  piece  A,  which 
should  now  look  like  a  finished  takeoff  except  for  the 
sloping  bottom,  not  yet  in  place. 

Pattem  B  (piece  B),  the  bottom  of  the  takeoff  (fig.  2- 
20),  is  formed  by  a  similar  sequence.  The  first  step  is 
cross  braking  the  pattern  along  the  diagonal  lines.  The 
second  step  is  making  the  pocket  side  of  the  Pittsburg 
lock  seams  on  the  1  inch  allowance  on  each  side  of  the 
bottom  piece.  Do  this  with  a  Pittsburg  lock-forming 
machine  if  available;  if  not,  with  a  cornice  brake.  The 
third  step  is  forming  the  flange  for  the  tapped 
connection  end  of  the  takeoff.  You  must  make  a  25*" 
bend  downward  along  the  straight  allowance  line, 
returning  the  bottom  to  the  same  plane  as  the  duct 
branch.  When  you  are  making  this  25®  bend,  do  not 
use  excessive  clamping  pressure  with  the  top  leaf  of  the 


cornice  brake.  Too  much  pressure  can  damage  the 
Pittsburg  seams.  The  fourth  step  is  omitted  in  forming 
the  bottom  piece  of  this  component. 

Assembly  and  Joining.  The  takeoff  fitting,  which  we 
have  discussed  in  the  preceding  paragraphs,  is  easy  to 
assemble.  Place  piece  A  (tig.  2-20)  so  that  it  rests  on  the 
top  side.  Install  the  bottom  piece  (B)  so  that  the  1/4 
inch  flanges  of  the  two  sides  fit  into  the  pockets  of  the 
Pittsburg  seam,  and  the  locking  edges  of  the  Pittsburg 
seam  are  folded  over.  This  completes  the  assembly,  and 
you  can  join  the  takeoff  fitting  to  the  hole  in  the 
trunkline  by  inserting  the  tabs  into  the  hole  until  the 
flange  rests  against  the  edges  of  the  hole.  Bend  the  tabs 


Figure  2~22.  Using  comice  brake  to  bend  180**  fold  for  drive  slip. 
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Figure  2-23,  Elbow  edge  joint. 


90°  outward  to  make  a  tight  connection.  To  join  the 
branch  duct  to  the  takeoff  fitting,  use  S-and-drivc  slips. 

Elbow  Edge.  The  elbow  edge  is  a  joint  used  to 
connect  small  sections  of  round  duct  to  transition 
pieces,  such  as,  adjustable  elbows,  dilfuser  box.  and 
register  box.  The  elbow  edge  is  made  by  bending  the 
edges  of  two  items  of  the  same  size  so  thai  thev  will  lock 
together,  as  seen  in  figure  2-23.  To  assemble  an  elbow 
edge  joint,  leave  one  rivet  out  to  allow  the  section  to  be 
spread  and  slip  over  the  edge  of  the  other  piece.  Then 
push  the  ends  back  into  place  and  install  the  second 
rivet.  Check  the  joint  to  ensure  everything  is  properly 
aligned. 

Slip*Joint.  Joint  connections  for  round  ducts  are 
somewhat  different  from  those  for  rectangular  ducts. 
Figure  2-24  shows  a  l!/2-inch  slip  joint.  One  end  of  each 
piece  of  pipe  is  crimped  with  a  crimping  machine,  as  you 
learned  in  Volume  2.  A  bead  made  with  a  beading 
machine  strengthens  the  duct  and  helps  align  the  joints 
during  installation.  This  connection  is  sometimes  called 
a  slip  joint  and  you  assemble  it  by  slipping  the  crimped 
end  into  the  plain  end  of  another  joint  until  the  bead  is 
flush  with  the  plain  end.  The  slip  joint  is  fastened 
together  with  sheet  metal  screws  or  rivets,  and  the 
airflow  must  be  in  the  direction  indicated  in  view  C. 

Exercises  (428): 

1.  To  fabricate  a  tapped  connection,  what  step  must 
you  complete  before  you  form  the  parts  with  a 
cornice  brake? 


m]i  — 


AIRFLOW 


y  y/7"  SLIP  JOINT — / 
Figure  2-24.  Joint  connections  for  round  duct. 

1.  What  are  tapped  fittings  used  for? 

3.  How  do  you  lock  a  takeoff  fitting  in  place? 


4.  In  forming  the  bottom  of  a  takeoff  fitting,  what  step 
do  you  omit? 


5.  How    many    parts    are    there    in    a  slip-joint 
connection? 


6.  How  are  the  joints  constructed  to  form  a  slip  joint? 


429.  State  the  requirements  for  a  spot  weld  of  a  seam 
or  joint. 

Spot  Welds.  Spot-weld  seams  are  like  riveted  seams 
because  one  piece  must  lap  over  the  other.  The  radius 
of  the  electrode  face  determines  the  size  of  the  spot 
weld.  If  the  contact  face  is  too  smmall,  the  weld  may  be 
sound  but  low  in  strength.  If  the  contact  face  is  too 
large  high  current  will  be  required  to  overcome  the 
increased  resistance.  This  condition  produces  localized 
heating  and  results  in  poor  weld  surface  appearance,  A 
good  rule  to  follow  when  you  select  electrodes  for  a 
given  job  is  to  select  those  whose  contact  face  diameter 
equals  four  times  the  thickness  of  one  of  the  pieces  of 
metal  being  welded. Then  you  can  vary  the  pressure  on 
the  electrodes  slightly  to  provide  more  or  less 
indentation  and  thereby  arrive  at  the  proper  diameter 
of  contact  area  and  the  proper  size  of  the  spQl^'^ektv 

Seam  .Allowance.  The  seam  altowance.  for  a 
spot-welded  seam  is  determined  in  the  same  way  as  the 
seam  allowance  for  a  riveted  seam.  As  a  general  rule. 
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the  distance  from  the  center  of  the  weld  to  the  edge 
should  be  twice  the  diameter  of  the  weld.  If  the  weld's 
diameter  is  1/8  inch,  the  seam  allowance  should  be  i4 
inch  on  each  side  of  the  joint. 

Exercises  (429): 


2.  How  is  its  seam  allowance  determined? 


1.  Give  the  basic  requirement  for  a  spot-weld  seam. 


3.  How  should  you  determine  the  size  of  a  spot  weld? 
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CHAPTER  3 


Characteristics  and  Control  of  Airflow 


IN  THIS  CHAPTER  we  are  concerned  with  the 
airflow  through  duct  systems.  You  will  find  that  air, 
like  water,  passes  easily  through  straight  ducts,  but  at 
turns  (elbows),  the  flow  becomes  turbulent,  forms 
eddies  and  whirlpools,  and  moves  against  the  main 
current.  To  minimize  this  turbulence  and  resistance  to 
airflow,  you  must  understand  the  characteristics  of 
airflow  through  duct  systems.  For  example,  you  must 
know  what  size  and  shape  of  elbow  permits  the  best 
airflow*  You  must  also  know  how  splitters  and  turn 
vanes  can  improve  airflow,  how  dampers  can  restrict 
airflow,  and  how  deflectors  can  detect  airflow.  This 
chapter  will  help  you  to  understand  airflow 
characteristics,  to  determine  the  dimensions  of  duct 
system  components,  and  to  fabricate  and  install  duct 
system  components, 

3-1.  Characteristics   and   Control   of  Airflow 
Through  Duct  Systems 

Though  your  working;  drawings  and  blueprints 
specify  how  new  systems  must  be  fabricated  to  provide 
a  maximum  flow  of  air,  you  need  to  know  how  to  apply 
the  principles  of  good  airflow  as  you  fabricate  and 
install  ducts  that  carry  air  from  heating,  ventilating, 
and  air-conditioning  units  to  different  parts  of  a 
building.  In  Chapter  1  we  gave  you  some  of  the  symbols 
used  on  working  drawings  for  ducts,  dampers,  registers, 
grilles,  and  louvers.  Now  is  a  good  time  to  review  these 
illustrations  and  refresh  your  memory* 

430«  Give  the  reason  for  air  turbulence  in  duct 
systems  and  some  of  the  rules  of  air  distribution. 

Airflow.  Forced  air  systems  for  heating,  ventilation, 
and  air-conditioning  include:  motor-driven  blowers; 
coils,  filters,  and  associated  components  of  the  heating 
and  cooling  units;  the  supply  duct  system;  and  the 
return  duct  system.  When  engineers  design  a  forced  air 
system  for  a  building,  they  consider  many  factors.  For 
example,  after  they  determine  the  load  requirements 
for  h^;ating  and  cooling,  they  must  design  a  duct 
distribution  system  that  will  carry  the  required  flow  of 
air  with  the  least  amount  of  resistance.  Some  of  the 
factors  they  consider  are  static  pressure,  velocity 
pressure,  friction  loss,  and  dynamic  loss.  Some  of  these 
factors  are  directly  related  to  your  job  of  fabricating 
and  installing  duct  systems.  Therefore,  for 
instructional  purposes,  we  will  use  the  term  "pressure 
loss*'  to  describe  the  conditions  that  are  affected  by  the 
quality  of  your  work. 


Like  water,  air  flowing  through  a  duct  system  loses 
some  pressure  because  of  friction  with  the  sides  of  the 
duct  and  because  of  turbulence  resulting  from  changes 
in  the  direction  of  the  duct  or  changes  in  the 
cross-sectional  area  of  the  duct.  In  figure  3-1  you  can  see 
examples  of  turbulence  in  duct  system  components  as 
tlie  flow  of  air  tends  to  whirl  and  move  in  different 
directions.  There  is  less  pressure  loss  in  the  straight  duct 
with  a  uniform  cross  section  than  in  the  other  examples 
that  involve  a  change  in  direction  or  a  change  in  the 
cross-section  area. 

Some  of  the  general  rules  that  apply  to  air 
distribution  systems  are: 

^  Select  the  proper  size  of  duct, 

•  Pipe  the  air  as  directly  as  possible  to  the  required 
location, 

•  Avoid  sharp  turns, 

•  If  you  must  alter  the  size  or  shape  of  a  duct,  make 
the  change  as  slight  as  possible, 

•  Avoid    restriction    of   flow    In    elbows  and 
transformation  pieces, 

•  Make  rectangular  ducts  as  nearly  square  as 
possible, 

•  Reduce  friction  by  using  smooth  duct  material. 
Exercises  (430): 

1 ,  Give  the  two  main  causes  of  air  turbulence  in  a  duct 
system. 


2,  State  the  air  distribution  rule  that  describes  the 
proper  duct  material. 


3,  State  the  rule  that  affects  the  length  of  a  duct. 


431.  Point  out  problems  in  fabricating  straight  ducts 
with  elbows,  and  compute  the  ratio  of  a  given  elbow. 

Straight  Duct.  Air  being  forced  through  a  straight 
duct  encounters  less  pressure  loss  than  through  elbows 
or  transitions.  The  loss  through  a  straight  duct  is 
caused  primarily  by  friction  as  the  air  touches  the  sides 
of  the  duct.  The  loss  increases  when  the  inside  of  the 
duct  is  rough,  when  the  length  of  the  duct  is  increased. 


79 


308 


or  when  a  smaller  duct  is  used.  The  pressure  loss  is  less 
through  a  round  duct  than  through  a  square  or 
rectangular  duct,  though  the  square  duct  is  better  than 
the  rectangular  duct. 

Since,  when  you  are  fabricating  straight  duct,  its 
size,  shape,  and  length  are  usually  specified  in  the 
working  drawings,  your  main  consideration  is  to  m^ke 
the  joint  connections  and  seams  as  smooth  as  possible 
to  keep  friction  at  a  minimum. 

Diverging  and  Converging  Duct.  It  is  sometimes 
necessary  to  enlarge  a  straight  duct,  as  shown  in  figure 


STRAIGHT  DUCT 


ELBOW  WITH  LONG 
THROAT  RADIUS 


ELBOW  WITH  SHORT 
THROAT  RADIUS 


SQUARE  ELBOW  WITH 
SHORT  THROAT  RADIUS 


ABRUPT  ENLARGEMENT 
AND  CONTRACTION 

Figure  3-1 .  Air  turbulence  in  duct  components. 


3-2,  to  install  a  cooling  or  heating  coil.  Coils  like  this 
are  often  larger  than  the  duct  and  make  it  necessary  to 
install  two  transitions.  In  the  illustration,  angle  A  is  in 
the  diverging  transition,  and  angle  B  is  in  the 
converging  transition.  In  both  transitions,  it  's 
important  to  make  the  changes  as  gradual  as  possible. 
In  a  diverging  transition,  angle  A  should  not  exceed 
20^,  Splitters  should  be  installed  to  reduce  pressure 
loss  and  to  insure  an  even  distribution  of  the  air 
through  the  coil,  A  converging  transition  usually  does 
not  require  splitters,  but  angle  B  should  not  exceed 
60°,  (We  will  further  discuss  splitters  later.) 

Elbows.  The  elbows  used  in  duct  systems  cause  air 
turbulence  and  pressure  loss,  which  can  be  minimized 
by  their  proper  design  and  fabrication.  Avoid  sharp 
turns  by  using  elbows  with  larger  throat  radii  and  duct 
dimensions  that  allow  a  maximum  airflow. 

The  elbows  in  squan;  or  rectangular  ducts  have  a 
dimensioning  characteristic  that  you  must  understand 
if  you  want  maximum  airflow.  This  characteristic 
concerns  the  width  of  the  elbow,  which  is  somewhat 
different  from  the  width  of  the  straight  duct  sections. 
Figure  3-3  illustrates  two  elbows  in  a  rectangular  duct. 
Notice  that  the  width  of  elbow  A  is  12  inches,  and  the 
width  of  elbow  B  is  6  inches.  The  width  of  an  elbow  in  a 
square  or  rectangular  duct  is  always  the  dimension  that 
lies  in  the  same  plane  as  the  radius  of  the  elbow. 

Elbow  A  in  figure  3-3  has  more  turbulence  and  the 
resulting  pressure  loss  than  elbow  B  because  of  the  ratio 
between  the  throat  radius  (R)  and  the  elbow  width  (W). 
A  ratio  between  1  to  1  and  2  to  1  is  desirable,  the  latter 
ratio  being  the  more  desirable.  The  throat  radius  ratio  is 
also  called  inside  radius  ratio  and  you  find  it  by  dividing 
throat  radius  (P^  by  width  (W),  For  example,  the  inside 
radius  ratio  for  elbow  A  is  1  to  1,  determined  by 
si^stit^ting^  the  width  and  throat  radius  dimensions 
(— =  — =  Y^^^'  in  speaking  of  ratios,  it  is  common 
practice  to  use  the  equivalent  value,  such  as  1:1  =  1. 
Thus,  a  ratio  of  2  to  1  is  called  a  ratio  of  2,  and  a  ratio  of 
I  to  2  is  called  a  ratio  of  0,5,  etc, 

]^l|>ow^p  ii^ figure  3-3  has  an  inside  radius  ratio  of  2, 
or  — =  — ==  Y=2,  which  is  more  desirable  than  a  ratio 
of  1.  Both  elbows  in  the  illustration  have  a  satisfactory 
airflow,  although  elbow  B  has  the  better  airflow. 


Exercises  (431): 

1,  To  reduce  friction  in  a  straight  duct,  what  is  your 
main  consideration? 


2,  List  two  tupes  of  ducts  that  are  used  as  transitions  to 
enlarge  a  straight  duct. 
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ELEVATION 
VJEW 

Figure  3-2.  Diverging  and  converging  ducts. 


3.  What  is  the  ratio  of  a  square  elbow  with  an  inside 
radius  of  12  inches  and  a  width  of  8  inches? 


4.  The  width  of  an  elbow  in  a  square  or  rectangular 
duct  is  always  the  dimension  in  what  plane? 


3-2.  Duct  System  Components  for  Control  of 
Airflow 

Several  devices  are  used  inside  duct  systems  to 
control  airflow.  Splitters  and  turn  vanes  are  used  to 
prevent  turbulence  as  the  air  flows  around  turns  inside 
of  square  or  rectangular  ducts.  Such  devices  as  volume 
dampers  are  installed  inside  duct  systems  to  reduce  or 
shut  off  the  airflow.  Diffusers  and  registers  at  supply 
outlets  control  the  volume  and  direct  the  airflow  in 
desired  directions. 

432.  Locate  the  turn  vanes  in  a  given  elbow  and 
describe  the  way  to  install  splitters  in  rectangular 
elbows. 


Splitters.  Splitters,  like  those  shown  in  figure  3-4,  arc 
used  to  improve  the  flow  of  air  through  elbows  that  do 
not  have  a  desirable  inside  radius  ratio.  Splitters  reduce 
the  turbulence  of  the  airflow  as  it  passes  through  an 
elbow  by  dividing  the  flow  of  air  into  passages  with 
better  inside  radius  ratios.  Splitters  arc  also  used  when 
the  outlet  end  of  an  elbow  does  not  connect  to  another 
duct  of  the  same  size  and  the  air  is  discharged  into  a 
large  space  or  into  the  atmosphere. 

Elbow  A  in  figure  3-4  (if  used  without  a  splitter)  has 
an  inside  radius  ratio  of  0.33,  or  -^  =  -^=y=o.33 


which  will  produce  an  excessive  turbulence  in  the  air 
passing  through  the  elbow  Notice  in  the  illustration 
that  the  splitter  is  not  through  the  center  of  the  elbow 
but  divides  it  into  one  6-inch  passage.  The  inside  radius 
ratio  for  6-inch  passage  is  1,  or  Ri  3=  6  _  J.  | .  The 
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Mi^iclc  ladiuh  tor  the  i?-inch  passage  is  also  1,  orBi  = 
I  )       j  _     ,  W 
—      -j —  1.  Ihus.  by  placing  a  splitter  in  the  proper 
it-  1 

location.  v;c  have  reduced  the  turbulence  and  pressure 
?oss  through  the  elbow. 

^'Ihow  B  in  figure  3-4  (if  used  withtiut  splitters)  has  an 
-s).)o  radius  ratio  of  0.25.  or  ~r ^  ~-    T  =^  0  25  which 

>Y       20  4 

vvdl  also  produce  excessive  turbulence  and  pressure  loss. 
When  two  splitters  are  installed,  as  shown  in  the 
illustratuui,  each  passage  will  have  an  inside  radius  ratio 
that  peniiits  air  to  flow  with  a  minimum  of  turbulence 
and  pressure  loss. 

Figure  3-5  shows  how  splitters  are  installed  during  the 
fabrication  of  elbows  for  square  or  rectangular  ducts. 
You  can  see  how  difficult  it  would  be  to  install  the 
splitters  after  an  elbow  is  assembled.  Notice  how  the 
Uibs  on  the  splitters  pemiit  their  being  fastened  with 
rivets  or  spot  welds.  After  the  splitters  have  been 
iastei;ed  to  the  bottom  of  the  elbow,  the  top  is  attached 
with  Pittsburg  lock  seams.  The  last  step  is  to  fasten  the 
splitters  to  the  lop.  Remember  that  allowances  (3/4  inch 
in  this  example)  must  be  made  on  the  pattern  of  each 
splitter  before  it  is  cut  to  size. 

Turn  Vanes.  Turf  vanes  (see  fig.  3-6)  are  used  in  the 
elbows  of  square  or  rectangular  ducts  to  reduce 
turbulence  and  pressure  loss  and  to  provide  a  more 
uniform  distribution  of  air.  Turn  vanes  are  especially 
valuable  \n  ihe  elbows  connected  to  supply  registers  and 
grilles. 

In  figure  3-6  you  can  see  that  the  turn  vanes  form 
several  small  elbows  that  function  very  much  like 
splitters.  However,  you  determine  the  number  of  turn 
vanes  and  their  distances  apart  in  a  different  way  from 
thxjse  for  splitters.  For  best  airflow,  the  turn  vanes 
should  be  spaced  so  that  they  have  an  aspect  ratio  of  5 
(5  to  1),  The  aspect  ratio  of  an  elbow  is  equal  to  the 
height   of  the   elbow  divided   by   its  width  (H_) 

W 


(Remember  that  the  width  of  an  elbow  is  in  the  same 
plane  as  its  radius.)  For  example,  if  the  elbow  in  figure 
3-6  is  15  inches  high,  we  can  substitute  1 5  for  H,  solve 
for  W  (width  or  radius  of  the  turn  vanes),  and  find  that 
the  turn  vane  width  should  be  3  inches  if  maximum 
airflow  is  to  be  obtained.  Therefore,  the  turn  vanes 
should  be  installed  3  inches  apart  to  divide  the  elbow 
into  several  effective  smaller  elbows,  each  with  the 
desired  aspect  ratio  of  5: 


W 


w 


_  15 


W  =  3 

To  determine  bow  many  turn  vanes  you  need, 
measure  the  distam.e  from  the  throat  corner  to  the  heel 
corner  of  the  elbow  and  divide  it  bv  the  3-inch  radius. 
For  example,  if  in  figure  3-6  the  distance  from  throat  to 
heel  is  24  inches  and  each  turn  vane  is  to  be  3  inches 
apart,  you  should  divide  24  by  3  to  find  that  you  need  8 
turn  vanes. 

Notice  in  figure  3-6  that  each  turn  vane  is  straight  on 
both  sides  of  the  90°  radius  bend.  The  length  of  each 
straight  edge  is  equal  to  1/2  the  distance  (radius)  between 
the  turn  vanes.  Since  in  this  example  the  turn  vanes  must 
be  3  irxhes  apart,  each  straight  edge  should  extend  IVi 
inches  past  the  90°  radius  bend. 

Turn  vanes  are  installed  with  tabs  and  rivets  (or  spot 
welds)  in  a  manner  similar  to  that  for  splitters.  Figure 


20" 


-10  1/2" 


B  3  1/2" 


Figure  3-4.  Splitters  'u\  rectangular  duct  elbows. 
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ERIC 


a-—  J/4 

3/4"  BOTTOM  \\ 


3/4"  TOP  TABS 


PITTSBURG  LOCK  X 
SEAM  ALL  4  CORNERS  

Figure  3~5.  Installing  splitters. 


BOTTOM  OF 
ELBOW 


3-6  does  not  show  the  tabs,  but  each  end  of  each  turn 
vane  should  have  at  least  three  tabs,  one  in  the  middle  of 
the  bend  and  one  on  each  straight  edge. 

Exercises  (432): 

1.  An  elbow  with  a  height  of  26  inches  should  have  a 
turn  vane  every  inches. 


2.  How  should  you  install  splitters  in  rectangular  duct 
elbows? 


433,  Identify  procedures  in  the  use  and  placement  of 
volume  dampers  in  a  duct  system. 

Vohjme  Dampers.  A  damper  is  a  movable  blade 
used  to  vary  the  volume  of  air  flowing  through  a  duct 
system.  Some  dampers  make  only  minor  changes  in 
volume,  some  completely  shut  off  airflow,  and  others 
adjust  the  range  of  airflow  from  maximum  to  zero. 
Types  of  volume  dampers  discussed  in  this  chapter 
include  deflecting  dampers,  butterfly  dam  pers,  and 
louver  dampers. 

Deflecting  damper.  A  deflecting  damper,  illustrated 
in  figure  3-7,  's  sometimes  called  a  splitter  damper.  It  is 
a  single  blade  hinged  at  one  edge,  and  can  be 
positioned  with  an  accessible  control  handle.  You 
install  this  directional  control  for  airflow  on  the 
outside  of  the  duct  so  that  the  damper  can  be 
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V2  OF  TURN 
VANE  RADIUS 


1/2  OF  TURN 
VANE  RADIUS 


RADIUS  FOR 
TURN  VANES 


Figure  3-6.  Turn  vanes  in  square  elbow. 


positioned  after  you  have  assembled  and  installed  the 
duct  system.  In  the  illustration,  you  can  see  how  you 
can  increase  or  decrease  the  airflow  in  the  branches  by 
changing  the  position  of  the  deflecting  damper. 
Deflecting  dampers  are  usually  positioned  (set)  during 
the  first  operational  checkout  of  the  airflow  system. 
After  a  balanced  air  flow  is  achieved,  the  damper  is 
locked  in  position  with  a  wingnut. 

Deflecting  damper  blades  are  usually  made  from 
material  that  is  2  gages  heavier  than  the  duct  and  are 
attached  to  shop-made  shafts  and  handles  or  to 
factorymade  directional  control  quadrants.  The  length 
of  the  damper  blade  is  the  same  as  the  height  of  the 
duct,  less  a  clearance  of  approximately  1/4  inch.  The 


PLAN  VIEW 

Figure  3-7.  Deflecting  damper  in  a  duct  system. 
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width  of  the  blade'varies  according  to  the  amount  of 
airflow  to  be  deflected.  Usually,  the  width  of  the 
deflecting  dampers  is  approximately  3/4  the  width  of 
the  branch  line,  as  shown  in  figure  3-7. 

Butterfly  damper.  A  volume  control  damper  like  that 
shown  in  figure  3-8  is  commonly  called  a  butterfly 
damper.  It  has  a  blade  made  from  sheet  metal,  is 
hinged  in  the  middle,  and  is  usually  located  in  the 
middle  of  a  straight  duct.  With  this  damper,  you  can 
adjust  the  airflow  from  zero  to  full  flow  by  positioning 
the  angle  of  the  blade  with  the  handle  of  the  control 
quadrant.  Notice  in  the  illustration  that  the  butterfly 
damper  is  located  near  the  branch  takeoff.  It  should 
not  be  located  near  the  outlet  of  the  branch  duct 
because,  if  the  damper  is  partly  closed,  it  creates  two 
high-velocity  airstreams  along  the  duct  instead  of  a 
uniform  flow.  Also,  the  angle  of  the  damper  blade 
causes  the  air  to  flow  from  the  duct  at  an  undesirable 
angle. 

The  blade  of  a  butterfly  damper  is  usually  made  of 
sheet  metal,  which  is  2  gages  heavier  than  the  duct.  The 
size  of  the  blade  is  the  same  as  the  inside  d  imensions  of 
the  duct,  except  for  a  clearance  of  i  /  4  inch.  If  a  tight  fit 
is  desired,  a  strip  of  felt  can  be  installed  around  the 
edges  of  the  blade. 


In  figure  3-8  you  can  see  how  a  butterfly  damper  is 
installed  in  a  branch  line.  Now  look  at  figure  3-9  and  see 
the  various  pieces  of  haidware  that  are  used  with  a 
butterfly  damper.  Notice  that  the  control  quadrant, 
which  has  a  removable  handle,  is  riveted  to  the  outside 
of  the  duct  and  is  the  pivot  for  the  square  shaft,  which  is 
riveted  to  the  damper  blade.  At  the  other  end  of  the 
centerline,  the  round  shaft  attachment  plate  is  riveted 
to  the  blade.  Notice  that  the  round  shaft  bushing  plate 
is  riveted  to  the  inside  of  the  duct. 

Before  you  can  rivet  the  bushing  plate  and  control 
quadrant  to  the  duct,  you  must  drill  holes  so  that  the 
two  shafts  can  extend  through  the  duct.  To  install  the 
assembled  butterfly  damper  in  a  duct,  position  the 
blade  inside  the  duct  and  insert  the  square  shaft  into 
the  square  hole  of  the  quadrant.  The  round  shaft  is 
spring-loaded  and  can  retract  enough  to  allow  the 
round  shaft  to  be  inserted  into  the  bushing  plate  with 
the  round  hole.  Next,  install  the  control  handle  in  the 
square  shaft  extending  through  the  control  quadrant. 
Tighten  the  wingnut  to  lock  the  handle  and  damper 
blade  at  the  desired  angle. 

Louver  dampers.  Many  des'jns  have  been 
developed  that  use  a  series  of  adjustable  louvers  inside 
of  the  ducts  or  at  their  outlets.  On  some  working 
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Figure  3-8.  Butterfly  damper  in  a  branch  line. 
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Figure  3-9.  Butterfly  damper  components. 
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drawings  this  type  of  volume  damper  is  labeled  a 
multiblade  damper,  whereas  on  the  other  drawings  the 
same  damper  is  labeled  a  louver  damper.  Figure  3-10 
shows  a  louver  damper  used  to  reduce  or  shut  off  the 
flow  of  air  through  a  duct.  Each  of  the  four  damper 
blades  pivots  on  its  centerlin^e  axis  when  the  connecting 
linkage  is  moved.  Although  not  shown,  .he  linkage  can 
be  operated  by  various  means,  such  as  motors,  springs, 
weights,  and  airflow,  or  can  be  manually  positioned 
with  gears  or  quadrant  handles.  Notice  in  figure  3-10 
how  the  edges  of  each  bl^^de  have  V-grooves  so  that, 
when  the  blades  are  tilteci  to  verticcal  position,  the 
grooves  fit  together  to  make  a  better  seal. 

These  grooves  also  act  as  stiffenors  for  each  blade 
and  redu     vibration  as  air  flows  between  the  blades. 

Louver  dampers  are  usually  purchased  as 
factory-made  assemblies,  and  your  job  will  be  to  install 
them  correctly.  You  attach  the  louver  damper,  shown 
in  figure  3-10,  to  the  inside  of  the  straight  duct  with 
bolts  before  you  install  the  duct  and  connect  the  louver 
blade  linkage  to  its  actuating  device.  Notice  the  access 
hole  and  cover  plate  so  that  inspec  -ion  or  maintenance 
can  be  performed  when  necessary.  During  installation 
be  sure  to  use  holtheads  that  do  not  interfere  with  the 
movement  of    e  blades. 

An  automatic  louver  damper  is  used  as  a  fire  damper 
at  exhaust  outlets  or  in  a  duct  that  passes  through  a 
firewall.  This  type  of  damper  is  set,  at  the  time  of 
installation,  to  permit  full  airflow.  If  a  fire  occurs,  a 
fusible  link  melts  and  lets  the  spring-loaded  damper 
blades  close.  This  shuts  off  the  airflow  and  prevents  a 
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Figure  >-10.  Lx)uver  dumper. 


draft  that  could  intensify  the  fire.  The  installation  of  an 
automatic  louver  fire  damper  is  similar  to  the 
installation  of  other  louver  damper  assemblies. 
Louvers  with  fusible  links  also  require  an  access  door 
or  panel  in  the  duct  so  that  the  fusible  link  can  be 
checked. 

Figure  3-11  shows  another  variation  of  a  louver 
damper.  The  blades  are  normally  closed  but  open 
iiutoniatically  when  the  exhauist  fan  is  in  operatic  a. 
The  exhaust  system  illustrated  is  for  ceiling 
installation,  but  similar  units  are  available  for  wall 
installation.  When  you  are  installing  or  replacing  this 
kind  of  louver  damper,  be  sure  to  use  the  correct  type 
so  that  the  blades  fully  close  when  the  fan  is  not 
operating  and  the  wind  cannot  pass  through  the 
damper  in  the  wrong  direction. 

Exercises  (433): 

1 .  Dampers  are  used  in  duct  systems  to  . 


2.  The  butterfly  damper  is  usually  located 


3,  Deflecting  dampers  are  used  to 


4.  The  type  of  damper  in  a  duct  that  goes  through  a 
firewall  is  usually  a  . 


434.  State  the  function  of  diffusers,  registers,  and 
grilles. 

Ceiling  Diffusers.  Several  types  of  ceiling  diffusers 
are  used  at  the  supply  outlet  of  some  duct  systems. 
Figure  3-12  shows  a  round  diffuser  with  an  adjustable 
damper  assembly.  View  C  shows  the  diffuser  as  it 
appears  when  installed  over  the  damper  assembly  (B). 
View  D  is  a  cutaway  view  of  the  diffuser  showing  how 
the  turn  vanes  diffuse  the  airflow.  Notice  how  the 
airflow  is  dispersed  in  all  directions  from  the  diffuser. 
View  B  shows  the  parts  of  the  volume  damper 
assembly,  including  the  frame  (ring),  adjustable 
butterfly  damper  blades,  and  control  knob.  You  can 
open  and  close  the  blades  by  turning  the  knob,  which  is 
attached  to  a  threaded  shaft.  Some  damper  assemblies 
of  simmilar  design  have  a  pull  chain  to  open  or  close 
the  blades. 

The  frame  of  the  damper  assembly,  shown  in  view  B, 
has  a  l-inch  flange  that  fits  into  the  supply  duct  (A). 
Four  sheet  metal  screws  secure  the  flange  to  the  inside 
of  the  duct,  which  has  been  previously  secured  with 
hangers  so  that  its  edges  are  flush  with  the  ceiling. 
Therefore,  when  the  damper  assembly  is  inserted  and 
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secured  with  screws,  the  damper  I ramc  tits  snug  against 
the  ceiling.  The  diffuser  is  attached  to  the  damper  with 
four  sheet  metal  screws.  Notice  in  view  D  that  a 
circular  gasket  on  the  diffuser  prevents  air  from 
leaking  and  smudging  the  ceiHng  (streaks  u\  dv^i  or 
dirt  around  diffusers).  Ceiling  diffusers  and  volume 
dampers  are  also  available  for  square  supply  duct 
outlets,  their  main  differences  being  square-shaped 
damper  assemblies  and  square-shaped  diffusers. 

Registers.  Several  types  of  registers  are  used  at  duct 
supply  outlets  to  control  the  volume  and  direction  of 
the  airflow.  The  device  shown  in  figure  3-13  is  a 
multiplehlade  register  with  two  sets  of  blades.  The 
horizontal  row  of  blades  connects  with  linkage  that  is 
controlled  by  the  hand-operated  lever  on  the  right  side 
of  the  face  frame.  You  can  adjust  the  horizontal  blades 
from  full-flow  position  to  full-closed  position.  The 
horizontal  blades  operate  somewhat  like  louver 
damper  blades  in  figure  3-10,  although  the  pivot  axis  is 
usually  at  the  back  of  each  blade  instead  of  at  its  center. 
During  the  adjustment  of  the  horizontal  blades  from 
the  full-open  to  the  closed  position,  the  front  edge  of 
the  blades  lowers  through  a  90*^  arc. 

The  vertical  blades  shown  in  figure  3-13  are  not 
linked  together  but  are  set  individually  to  the  desired 
angle  of  deflection.  You  can  adjust  the  vertical  blades 
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with  yoin-  fingers  or  with  <i  snu^ll  vicnch  that  liis 
blade  at  a  lime.  1-<m  a  register  to  giw  maxii  lunn  coiif  •  ' 
of  airflow,  the  air  coming  iiiri>iigh  the  d\u  i  inusi  ih 
cvcnl>'  distributed  (^vcr  the  entire  dvc:i     li^-^  r»M'i>i'M   1 1 

Ulv"*    egisW  is   'O'-.JiTOcI   n.-i-  ;n-.  :V')0.  .   Wr:  \   >  . 

us\iallv  used  to  i:  SsUc  an  even  i.i.sti.l  ■.  fi 
flow.  ' 

View  i<  in  fig\ire  .VI 3  slunv  s  a  side  s  ic 
the  blade  fraiiic  h  at:  )cl.^.U  w  '^i.U   iicri  ^i.ckaI 
3/4"inch  flange  turned  9(r  at  du-  end  of  the 
duct.  The  blade  frames  si \^uld  liave  <'.ppro\imatelv  I /-I 
inch  clearance  when  they  are  installed  in  a  duct. 

<^rilles.  Several  lynes  of  grilles  may        u-c  i 
directional  airflow  is  not  important,  (IriUcs  do  iU)t 
have  adjustable  blades  or  louvers.   I'liey  cover  the 
return  air  openings  of  ducts  and  are  installed  in  doors 
or  walls  for  ventilation.  Figure  3-14  shows  a  grille 
installed  in  a  door.  The  blades  in  this  type  of  grille  allow 
air  to  pass  but  limit  sound  and  sight.  Grilles  are  lisually 
factory-made,  though  some  of  the  simple  designs  can  be 
made  in  the  shop.  View  B  in  figure  3-14  is  the  front  side 
of  the  grille  and  shows  the  face  frame  and  face  bars. 
View  C  is  a  side  view  showing  the  shape  of  the  blades, 
which  are  held  in  place  by  the  blade  fr  :ne.  Notice  dun 
the  blade  frame  is  inserted  into  a  cutout  made  in  a  door 
and  held  in  place  with  screws. 
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Not  all  grilles  use  blades  or  louvers  Sometimes 
perforated  metal  grilles  are  used  lo  cover  ventilators  or 
return  air  openings  in  doors  or  walls.  Perforated  grilles 
have  various  ornamental  pattei  as,  such  as  squares, 
diamonds,  and  circular  shapes.  Th  *  perforated  metal 
grille  shown  in  figure  3-13  has  a  diamond  pattern. 


2.  What  are  registers  used  for? 


3,  Hov/  are  grilles  wscd'^ 


Exercises  (434): 

1.  What  are  diffusers  used  for? 
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Figure  3-12.  Ceiling  diffuser  and  volume  damper. 
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Figure  3-15.  Perforated  metal  grille. 
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CHAPTER  4 


Duct  Systems 


THIS  IS  THE  turning  point  in  your  Career 
Development  Course  because  now  you  are  ready  to 
"put  together*"  the  many  bits  of  information  you  have 
already  learned.  In  this  chapter,  as  weell  as  in  the 
remaining  chapter  of  the  volume,  you  will  use  this 
information  as  you  learn  how  to  fabricate,  install,  and 
repair  a  complete  duct  system. 

This  chapter  is  concerned  with  a  duct  job  from  the 
initial  planning  through  its  fabrication  and  installation 
to  the  repair  of  its  various  components.  Our  discussion 
is  based  on  the  working  drawings  in  foldouts  I  and  2 
(located  at  the  back  of  the  text).  The  duct  system  they 
illustrate  is  typical  of  other  duct  systems  you  will 
encounter.  You  will  recall  previously  learned 
information  as  you  plan,  lay  out,  fabricate,  and  install 
components  of  this  duct  system.  For  example,  in  the 
planning  stage,  you  will  determine  the  seams»  joints, 
and  bracing  to  use.  You  will  select  the  proper 
materials,  including  sheet  metal,  registers,  grilles, 
diffusers,  louvers,  dampers,  and  insulation.  You  will 
lay  out  the  patterns  (with  allowances)  and  accomplish 
the  cutting,  notching  forming,  and  assembling.  You 
will  hang»  align,  and  insulate  the  duct  sections  and 
install  the  registers,  grilles,  and  diffusers.  At  the  close 
of  the  chapter,  we  will  include  the  repair  jobs  that  can 
occur  in  the  system. 

It  is  appropriate  to  begin  with  a  duct  system  that 
distributes  air  through  a  building  because,  as  a  sheet 
metal  worker,  you  will  spend  a  lot  of  your  time 
working  with  duct  systems  like  the  one  described  here, 

4-1 .  Planning  a  Duct  System 

Now  that  you  know  what  duci  are  for  and  what 
parts  make  up  a  duct  system,  we  will  go  through  the 
complete  process  of  fabricating  and  installing  a  duct 
system.  In  this  section  you  will  do  the  preliminary 
planning  and  the  selection  of  the  materials  and 
components  to  be  used.  Although  AF  Form  1445, 
Materials  and  Equipment  List,  includes  the  materials 
and  components  for  a  new  job,  you  must  select  what 
you  need  for  repair  jobs.  Therefore,  for  training 
purposes  this  section  includes  how  the  materials  and 
components  shown  on  the  working  drawings  are 
selected.  You  need  to  know  how  to  identify  items  listed 
on  AF  Form  1445  and  where  and  how  they  are  to  be 
used.  For  example,  when  you  pick  up  several  sheets  of 
metal  at  the  material  holding  area,  you  must  know 
where  you  will  use  each  sheet  and  how  to  cut  it  without 
waste. 


435.  Lkc  the  steps  in  planning  for  a  duct  system,  and 
give  un  example  of  a  decision  made  in  each  step. 

Preliminary  Planning.  The  working  drawings  shown 
on  foldouts  I  and  2  (located  at  back  of  volunn?)  do  not 
specify  the  types  of  seams,  joints,  or  bracing  to  be  used; 
therefore,  you  must  study  and  analyze  the  drawings  to 
determine  how  the  system  should  be  fabricated  and 
installed. 

System  breakdown.  The  first  step  in  preliminary 
planning  is  to  break  down  the  system  into  subsystems, 
sections,  and  joints.  Refer  to  foldout  I  as  we  describe 
how  the  system  is  broken  down  into  trunklines  A,  B 
and  C. 

The  supply  duct  system  begins  at  the  heater  room  in 
the  middle  of  the  working  drawing  (FO  I).  Notice  that 
trunkline  A  is  a  24"  x  14"  duct  that  connnects  the 
supply  plenum  of  the  heating  and  cooling  units  to  the 
trunklines  that  branch  to  the  right  and  left  wings  of  the 
building,  Trunkline  B  supplies  the  right  wing,  and 
trunkline  C  supplies  the  left  wing.  You  can  find  the 
length  of  these  three  trunklines  by  measuring  with  an 
architect's  scale  or  a  conventional  rule  and  converting 
to  feet  in  accordance  with  the  scale  shown  on  the 
drawing, 

Trunkline  A  measures  9'2"  between  the  plenum 
chamber  and  the  end  of  the  duct.  It  is  not  necessary  to 
break  down  trunkline  A  into  sections  of  different  sizes 
because  it  is  the  same  size  its  entire  length. 

Trunkline  B  is  37'6"  long,  with  sections  of  different 
sizes.  Therefore,  it  should  be  broken  down  by  sizes. 
Beginning  at  the  takeoff  from  trunkline  A,  trunkline  B 
has  the  following  sections: 

a,  6"  for  takeoff  fitting  reducing  18"  x  12"  to  18"  x 
10", 

6,  3'  of  18"*  X  10'*  rectangular  duct. 

c.  12"  for  an  18"  x  10"  to  16"  x  10"  transition, 

d.  12'8"  of  16"  X  10"  rectangular  duct. 

e.  12"  for  a  16"  x  10"  to  14"  x  8"  transition. 
/  9'  of  14"  X  8"  rectangular  duct, 

g.  12"  for  a  14"  x  8"  to  12"  x  8"  transition, 
A,  9'4"  of  12"  X  8"  rectangular  duct. 

Trunkline  C  is  42  feet  long  and  should  be  broken 
down  into  4  sizes  of  ducts  and  3  sizes  of  transitions. 
This  breakdown  will  look  like  the  breakdown  for 
trunkline  B. 

You  continue  breaking  down  of  the  system  in  the 
branch  line  ducts.  In  foldout  1,  you  can  count  15 
branch  lines:  12  are  6  inches  in  diameter  and  3  are  8 
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inches  in  diameter.  Since  the  lengths  differ,  you  must 
measure  them  to  determine  the  breakdown  into  6-inch 
and  H-inch  sizes. 

Starting  with  room  1,  you  measure  the  6-inch 
diameter  branch  lines  from  the  side  of  the  trunkline  to 
the  center  of  the  outlet  and  the  breakdown  is  as 
follows: 

Room  1,  T'g"  (6'n"  straight  duct  plus  9"  for  the 
elbow). 

Room  2,  T'T"  (6'10"  straight  duct  plus  9"  for  the 
elbow). 

Room  3,  7'6"  (6'9"  straight  duct  plus  9"  for  the 
elbow). 

Room  5,  7'6''  (6'9''  straight  duct  plus  9"  for  the 
elbow). 

Room  6,  7'7"  (6'10"  straight  duct  plus  9"  for  the 
elbow). 

Room  7,  7'8"  (6'ir'  straight  duct  plus  9"  for  the 
elbow). 

Room  8,  7'8"  (6'ir  straight  duct  plus  9"  for  the 
elbow). 

Room  9,  77"  (6'10''  straight  duct  plus  9"  for  the 
elbow). 

Room  10,  7'6''  (6'9"  straight  duct  plus  9"  for  the 
elbow). 

Room  11,  7'6"  (6'9''  straight  duct  plus  9"  for  the 
elbow). 

Room  12,  77"  (6'10"  straight  duct  plus  9"  for  the 
elbow). 

Room  13,  7'8"  (6'ir  straight  duct  plus  9"  for  the 
elbow). 

The  8-inch  diameter  branch  lines  are  located  in  the 
latrine  and  two  hallways.  They  break  down  as  follows: 

•  Latrine  6'6''  (5'6''  for  straight  duct  plus  12"  for 
elbow). 

•  Hallway  7'6"  (6'6''  for  straight  duct  plus  1 2"  for  for 
elbow). 

•  Hallway  7'6''  (6'6''  for  straight  duct  plus  1 2"  for  for 
elbow). 

Now  return  to  the  heater  room  and  figure  the 
dimensions  of  the  supply  plenum  and  the  return  air 
duct.  To  determine  these  dimensions,  you  must  use 
foldout  I  (1/4''  =  y—O"  scale)  and  the  heater  room 
detail  on  foldout  2  (1  /  2"  =  1  '-0"  scale).  Since  the  detail 
drawing  is  the  larger  scale  and  easier  to  measure,  you 
find  that  the  supply  plenum  is  24"  wide,  36"' high,  and 
24"  long. 

The  height  of  the  return  air  duct  (return  air  and 
outside  air  plenum)  is  shown  on  foldout  2,  and  the 
length  is  measured  from  end  to  end.  The  width  is 
measured  on  foldout  1,  The  dimensions  of  the  return 
air  duct  are  10'  6"  of  36"  x  18"  rectangular  duct. 

In  the  preceding  paragraphs,  we  have  broken  the 
heating  and  air-conditioning  duct  system  down  into  3 
trunklines,  15  branch  lines,  the  supply  plenum,  and  the 
return  air  duct.  We  then  broke  these  subsystems  down 
into  sections  with  the  same  dimensions.  Now  we  will 
take  the  next  step,  which  is  to  break  down  the  various 
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sections  into  appropriate  lengths  (eommonly  called 
joints).  For  example,  the  16"  x  10"  seetion  of  trunkline 
B  eontains  several  joints  of  16"  x  10"  rectangular  duct. 
The  appropriate  length  of  these  joints  depends 
primarily  on  the  width  of  the  duct.  Since  the  width  of 
each  duct  section  is  shown  on  the  working  drawings, 
refer  to  figure  2-11,  which  shows  the  duct  width, 
recommended  gage  of  metal,  type  of  joint  connectors, 
length  of  each  joint,  and  bracing  to  be  used.  After 
finding  the  length  of  the  Joints  to  use  from  the  chart  m 
figure  2-11,  it  is  not  difficult  to  determine  how  many 
Joints  you  need  to  make  up  a  section. 

At  first  glance  it  appears  to  be  a  matter  of  simple 
arithmetic,  dividing  the  section  length  by  the  length  of 
each  joint.  But  it  is  somewhat  more  complex,  since  you 
must  consider  the  economical  use  of  materials.  You 
achieve  economy  by  selecting  the  right  size  of  sheet 
metal,  getting  the  most  pieces  out  of  each  sheet,  and 
using  leftover  pieces  wherever  possible.  For  example, 
the  section  of  6"  round  duct  in  room  I  (FO  I)  is  6'1 1" 
long.  This  appears  to  require  a  sheet  of  metal  6  feet 
long  and  18.8  inches  wide;  however,  when  other  factors 
are  considered,  you  find  that  the  best  procedure  is  to 
make  the  6-inch  branch  line  in  two  36-inch  Joints  plus  a 
6  inch  tap  connection  at  one  end  and  an  8  inch  short 
joint  at  the  other.  In  the  following  discussions,  you  will 
learn  why  36  inch-wide  sheets  are  best  for  this  section 
of  duct. 

Type  of  seam*  The  type  of  seam  to  use  is  an 
important  decision  in  the  preliminary  planning  of  a 
duct  Job  because  the  seam  allowances  must  be  included 
in  the  patterns.  The  size  of  each  pattern  determines  the 
size  of  sheet  to  use.  From  the  dimensions  specified  for 
rec  tangular  ducts  in  foldout  I ,  you  can  see  that  none  of 
the  joints  is  too  large  to  be  made  from  a  single  sheet  of 
metal.  Thus,  if  each  joint  can  be  cut  and  formed  from 
one  sheet,  each  Joint  will  require  only  one  corner  seam. 
Earlier  in  this  course,  you  learned  that  the  Pittsburg 
lock  seam  is  a  good  choice  for  a  corner  lock  seam  and 
that  it  can  be  made  with  a  Pittsburg  lock-forming 
machine  or  with  a  cornice  brake. 

Deciding  on  the  type  of  seam  foi  the  round  ducts  in 
foldout  I  is  easy  because  grooved  seams  are  most  often 
used  when  a  lock  seam  is  desired.  Remember  that 
grooved  seams  can  be  made  with  a  Pittsburg 
lock-forming  machine  or  with  handtools  and  a  bar 
folder  or  cornice  brake. 

The  corners  of  the  transitions  in  foldout  1  are  jointed 
with  Pittsburg  lock  seams,  and  the  number  of  seams 
depends  on  how  many  pieces  are  used  in  each  trans- 
ition. Later  in  this  chapter,  you  will  see  how  to  use 
leftover  pieces  of  metal  to  fabricate  small  items,  such  as 
transitions  and  short  Joints. 

The  branch  lines  in  foldout  I  include  6-  and  8-inch 
elbows  that  connect  the  round,  straight  duct  to  the 
ceiling  diffusers.  Each  elbow  is  made  of  five  pieces,  or 
gores.  Each  gore  is  rolled  up  into  a  circular  shape  6  or  8 
inches  in  diameter,  and  the  ends  are  fastened  with  a 
grooved  seam. 

Other  comrjonents  of  the  duct  system  in  foldout  I 
requiring  seams  include  the  round  takeoff  fittings  for 


the  branch  lines  (dovetail  seams),  the  covers  for  the 
ends  of  the  trunklines  (standing  seams),  and  the  top  for 
the  plenum  chamber  (standing  seams). 

Type  of  joint  connection.  Another  part  of  your 
preliminary  planning  is  to  determine  the  type  of  joint 
connection  to  be  used  throughout  the  duct  system 
because  you  must  know  the  amount  of  material 
required  for  the  additions  to  the  patterns  to  determine 
the  size  of  sheets  to  use.  According  to  figure  2-11, 
rectangular  duct  joints  up  to  24  inches  wide  can  be 
made  on  35-inch  centers  and  should  be  connected  with 
standing  S-and-drive  slips.  Figure  2-11  also  shows  that 
rectangular  duct  Joints  measuring  12  inches  wide  by  8 
inches  high  can  be  made  for  7'  11"  centers  and  can  use  a 
different  type  of  S-and-drive  slip.  In  foldout  1,  you  can 
see  that  only  1  duct  is  wider  than  24  inches.  This  is  the 
return  air  duct,  which  is  36  inches  wide. 

To  figure  the  joint  connections  for  round  duct,  you 
need  not  refer  to  a  chart  because  it  is  common  practice 
to  use  a  slip  joint  connection  made  with  a  crimping 
machine,  and  slip  joints  usually  require  an  allowance 
of  P/S  inches  for  the  crimp.  Add  this  allowance  in 
figuring  the  material  for  the  round  ducts.  Dovetail 
seams  are  used  to  connect  the  round  ducts  to  the 
rectangular  trunklines. 

Other  joint  connections  for  the  duct  system  in 
foldout  1  include  the  tapped  connections  for  the 
takeoff  fittings  that  join  rectangular  duct  of  different 
dimensions  and  the  V-grooves  to  connect  the  gores  of 
elbows.  When  the  gores  are  assembled,  these 
V-grooves  form  lock  joints  between  the  gores.  The 
V-grooves  are  made  with  an  elbow-edging  machine, 
which  was  discussed  in  Volume  2  of  this  course. 

Type  of  bracing.  Determining  the  bracing  for  the 
duct  system  shown  in  foldout  1  is  not  difficult,  as  you 
may  have  already  noticed  in  the  chart  of  figure  2-11. 
Since  most  of  the  rectangular  ducts  in  this  system  are 
less  than  24  inches  wide,  you  can  see  that  the  type  of 
bracing  recommended  is  the  cross  brake.  Only  the 
return  air  duct  is  wider  than  24  inches,  and  it  will  not 
require  as  much  bracing  as  the  chart  indicates  because 
it  iss  installed  on  the  floor  and  is  supported  throughout 
its  length.  If  the  return  air  duct  is  made  on  35-inch 
centers,  the  standiing  S-and-drive  slips  and  cross 
braking  will  provide  sufficient  bracing.  The  round  duct 
in  the  branch  lines  is  not  long  enough  to  require 
bracing. 

Exercises  (435): 

1.  List  the  steps  in  planning  for  a  duct  system. 


2.  What  type  of  seam  is  used  on  round  duct  if  a  lock 
seam  is  desired? 


3,  Slip  joints  require  how  much  seam  allowance  for  a 
crimp? 


4,  Ducts  less  than  24  inches  wide  require  what  type  of 
bracing? 


436.  Give  the  correct  material  for  selected  items  in  a 
duct  system. 

Selecting  Sheet  Metal.  From  the  data  you  gather  in 
the  preliminary  planning  of  the  duct  system,  you  can 
determine  the  kind  of  sheet  metal  to  use,  as  well  as  its 
thickness,  sheet  size,  and  quantity.  You  may  want  to 
review  the  portion  of  Volume  1  of  this  course  that 
pertains  to  sheet  metals. 

Kind  of  material  Most  heating,  air-conditioning, 
and  ventilating  ducts  are  made  from  galvanized  sheet 
iron.  This  is  true  for  the  duct  system  shown  in  foldout  1 
for  several  reasons.  Since  the  air  supply  system  is 
installed  above  the  ceiling,  there  is  no  need  for  the 
minimum  weight  to  be  gained  from  aluminum,  and 
there  is  no  need  for  the  extra  corrosion  resistance  of 
stainless  steel.  But  there  will  be  enough  exposure  to 
moisture  (condensation)  to  rule  out  the  use  of  black 
iron,  and  to  require  the  corrosion  resistance  of 
galvanized  sheet  iron.  Galvanized  sheet  iron  has  a 
smooth  surface,  which  is  necessary  for  minimum 
friction  loss  as  air  is  forced  through  the  ducts.  Also, 
galvanized  sheet  iron  is  available  in  various  sizes  and 
gages  at  a  reasonable  cost.  The  return  air  duct  will  not 
be  exposed  to  excessive  condensation,  but  since  it  is 
installed  at  floor  level,  it  should  also  be  made  of 
galvanized  sheet  iron. 

Thickness  of  material.  The  recommended  thickness 
or  gage  of  sheet  metal  to  use  for  the  rectangular  ducts 
shown  in  foldout  1  can  be  found  in  figure  2-11.  The 
thickness  of  galvanized  sheet  iron  for  round  ducts  can 
be  determined  from  the  following  list  (for  aluminum 
duct,  increase  the  thickness  of  each  of  the  following  by 
2  gages): 

a.  For  diameters  up  to  13  inches,  use  26-gage 
galvanized. 

b.  For  diameters  over  13  inches  to  33 !4  inches,  use 
24*gage  galvanized. 

c.  For  diameters  over  33!^  inches  to  6714  inches,  use 
222-gage  galvanized. 

Exercises  (436): 

1 ,  What  type  of  material  is  used  for  ventilating  ducts? 
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2.  What  gage  of  material  is  used  for  round  ducts  with 
diameters  over  13  inches  but  less  than  ^^V:  inches? 


3.  What  gage  of  galvanized  iron  should  be  used  for  a 
rectangular  duct  14  inches  wide? 


437.  Determine  the  size  of  sheet  metal  sheets  for  a 
given  job. 

Size  and  Quantity  of  Sheets.  Galvanized  sheet  iron  is 
available  in  several  sizes,  but  the  most  frequently  used 
sizes  for  duct  construction  are  3-  and  4-  foot  widths  in 
8-  and  10-foot  lengths,  as  shown  in  figure  3-1. 
Although  this  may  lead  you  to  think  that  duct  jomts 
are  usually  8  or  10  feet  long,  this  is  not  true  because 
most  rectangular  duct  joints  are  made  in  3-  or  4-foot 
lenghts.  The  perimeter  of  a  duct  joint  is  usually  greater 
than  4  feet  and  is  made  in  one  piece  with  one  corner 
seam.  For  example,  a  20"  x  14"  joint  that  is  47"  long 
requires  a  piece  of  sheet  metal  that  is  48"  x  6914" 
(including  seam  and  connector  allowances),  and 
should  be  made  from  a  sheet  4  feet  wide  and  8  or  10  feet 


arxev  sheet 


4' XO*  SHEET 


4*XI0*  SHEET  w^w^ 


Figure  4-1 .  Selection  of  sheet  sizes. 


long.  The  length  of  the  sheet  selected  depends  on  how 
the  leftover  material  can  be  used. 

Another  reason  for  using  sheets  in  3-  or  4-foot 
widths  is  that  they  need  the  least  bracing.  Figure  2-11 
will  quickly  remind  you  that  longer  joints  require  more 
bracing  than  short  ones.  The  Chart  will  also  remind  you 
that  joints  are  often  listed  as  on  35-inch  centers  or  on  7- 
foot  11 'inch  centers.  The  reason  is  that  the  length  given 
on  working  drawings  is  usually  the  distance  from  center 
to  center  of  the  connectors  at  each  end  of  the  joint,  A 
joint  36  inches  long  will  have  1/2  inch  allowance  at  each 
end  for  the  S-aud-drive  slips  and  therefore  measures  only 
35  inches  center  to  center. 

In  figure  4-1 ,  a  36"  x  97 VV  pattern  is  to  be  made.  Of 
the  4  available  sheet  sizes,  the  two  8-foot  sheets  are  too 
short,  and  the  choice  is  between  the  3'  x  10'  and  4'  x  10' 
sheets.  The  leftover  pieces  are  indicated  by  the  dotted 
lines.  You  can  see  the  best  choice  is  probably  the  3'  x 
10'  sheet.  However,  your  choice  really  depends  upon 
how  you  can  use  the  leftover  material. 

Exercises  (437): 

1.  What  size  sheet  should  you  use  for  a  20-inch  by 
14-inch  joint  that  is  47  inches  long? 


2.  How  do  you  decide  which  size  of  sheet  metal  to  use 
if  two  sizes  can  do  the  job? 


438.  List  the  steps  in  determining  material 
requirements  for  trunkline  A. 

Trunkline  A  and  Plenum.  Figure  4-2  is  a  breakdown 
of  trunkline  A  in  foldout  1 .  This  shows  how  you  divide 
trunkline  A  into  joints  and  takeoff  fittings  To  break 
down  a  trunkline  like  this,  your  first  step  is  to  make  a 
scale  drawing  of  the  plan  view,  showing  only  the  outline 
of  the  trunkline.  Since  trunkline  A  is  connected  to  the 
supply  plenum  of  the  heating  and  air-conditioning  units, 
the  plenum  is  also  included  in  the  drawing.  As  stated 
earlier  in  this  chapter,  the  plenum  is  24  inches  wide,  36 
inches  high,  and  24  inches  long,  Trunkline  A  is  24 
inches  wide,  14  inches  high,  and  9  feet  2  inches  long.  No 
joint  connection  allowances  are  needed  for  either  the  top 
or  bottom  of  the  plenum. 

Since  the  height  of  the  plenum  is  36  inches,  lay  out  its 
pattern  on  a  sheet  that  is  36  inches  wide.  Since  the 
stretchout  (including  114  inch  Pittsburg  seam 
allowance)  is  97Vi  inches,  you  must  decide  whether  it 
should  be  made  from  an  8-  or  a  10-foot  sheet.  (Look  at 
fig,  4-1  and  you  will  see  the  answer.)  the  top  opening  of 
the  plenum  is  24"  x  24";  the  plenum  will  have  a  cover 
(top)  of  the  same  size,  attached  with  1-inch  standing 
seams.  For  the  allowance  for  the  standing  seams  on  all 
four  edges  of  the  cover,  the  pattern  must  be  28"  x  28", 
which  is  larger  than  the  leftover  piece  of  the  sheet  just 
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13*'  TAKEOFF  FITTING 
20"  X  12*'  TO  20"  X  10' 


TAPPED  CONNECTION  WITH 
V FLANGE  AND  V*  TABS 


STANDING 
S  SLIP  ON 
35**  CENTfIRS 


STANDING 
S-SL/P 


6''  TAKEOFF  FITTING 
18**  X  12*'  TO  18**  X  10** 


TAPPED  CONNECTION  WITH 
1**FLANGe  AND  1**  TABS 


SCALE  1/4**  sr  1*0'* 


PLENUM 
24**  X  24 

530-3950 

I       I      I       I      I  FEET 
12      3  4 

Figure  4-2.  Breakdown  of  plenum  and  trunkline  A. 
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6**  FLEXIBLE  CONNECTION 
B**  TAKEOFF  FITTING 


TAPPED  CONNECTION  WITH 
FLANGE  AND  V*  TABS 


used  for  the  plenum.  It  is  good  practice  on  large  jobs 
like  this  to  not  cut  the  28"  x  28^"  from  another  whole 
sheet  but  to  wait  for  a  leftover  piece  from  the  next 
group  of  patterns,  which  in  this  example  will  be  from 
trunkline  A. 

Thus  far  the  material  required  for  the  two  patterns 
has  been  determined,  and  you  can  see  that  you  need 
one  whole  3'  x  10'  sheet  (with  36"  x  IIVa"  left  over)  and 
another  sheet  from  which  the  28"  x  28"  cover  can  be 
made.  This  indicates  that  you  need  some  sort  of 
bookkeeping  system  to  identify  the  parts  by  size  and 
quantity,  to  identify  the  sheet  from  which  the  pattern 
will  be  cut,  and  to  indicate  how  many  and  what  size  of 
sheets  you  need.  Figure  4-3  is  an  example  of  such  a 
record.  You  will  find  that  it  is  also  helpful  to  make  a 
sketch  of  each  sheet  of  metal,  showing  how  the  patterns 
should  be  arranged  to  avoid  unnecesseuy  waste.  Figure 
4-4  shows  how  the  trunkline  and  plenum  can  be  made 
from  four  sheets.  The  sequence  for  determining  the  size 
and  quantity  of  sheets  required  is  to:  (1 )  make  a  drawing, 
like  figure  4-2,  to  show  the  dimensions  of  the  ducts  and 
joints;  (2)  start  a  materials-required  list,  like  figure  4-3, 
and  (3)  make  sketches  of  the  sheets,  as  in  figure  4-4, 

The  materials  needed  for  the  plenum  and  for  the 
plenum  cover  are  the  first  two  entries  on  the 
materials-required  list  (fig,  4-3),  Although  the 
illustration  shows  the  chart  filled  out,  we  will  start 
from  the  beginning  and  see  how  it  was  developed.  By 
doing  this,  you  will  learn  how  to  determine  the  sheet 
sizes  and  the  number  of  sheets  required  for  the  job. 
You  can  later  use  similar  procedures  for  other  jobs. 


EKLC 


First,  write  "plenum''  in  the  Item  Identification 
column,  followed  by  the  dimensions  and  number  of 
patterns  needed.  Since  we  have  already  determined 
that  a  3'  X  10'  sheet  should  be  used,  enter  this 
information  in  the  Source  of  Materials  column.  At  this 
time  you  make  a  sketch  of  sheet  number  1  (fig.  4-4), 
showing  the  plenum  as  36"  x  971/4"  with  a  single  piece 
22y4"  X  36"  left  over.  This  piece  is  not  large  enough  to 
make  the  28"  x  28"  plenum  cover.  (A  leftover  piece  from 
joint  4  in  sheet  2  will  be  suitable  for  the  plenum  cover,) 
The  second  entry  in  figure  3-3  is  for  the  plenum  cover, 
including  its  size  and  the  quantity  needed.  The  source  of 
material  will  be  entered  later. 

Trunkline  A  has  the  same  dimensions  (24"  x  14")  for 
its  entire  length.  Therefore,  its  stretchout,  including 
Pittsburg  lock  seam  allowance,  is  771^  inches.  Its 
length,  as  previously  determined,  is  9'2",  which  can  be 
divided  into  joints  as  shown  in  figure  3-2,  Beginning 
with  joints  4  and  5,  you  should  enter  the  pattern 
dimensions  and  requirements  on  lines  of  the  materials 
chart  (fig,  4-3).  These  patterns,  including  allowances, 
are  each  36"  x  77  "A"  and  should  be  made  from  two  3'  x 
10'  sheets  with  two  36"  x  42y4"  pieces  left  over.  (One  of 
these  leftover  pieces  can  be  used  to  make  the  plenum 
cover.)  You  determine  these  dimensions  by  making 
sketches  of  sheets  2  and  3,  as  shown  in  figure  4-4,  In 
figure  4-2,  you  can  see  that  joints  4  and  5  occupy  only  70 
inches  of  the  total  length  (110  inches)  of  trunkline  A, 
This  leaves  40  inches  for  joints  2,  3,  and  6, 

The  size  of  joint  6  is  determined  by  the  size  of  its  two 
takeoff  fittings  and  the  size  of  joints  2  and  3. 
Remember,  only  40  inches  are  available  for  joints  2,3, 
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and  6.  In  figure  4-2,  you  can  see  how  these  40  inches  are 
used  to  make  joints  of  appropriate  sizes.  Joint  6  is  shown 
to  be  on  26-inch  centers  and  is  connected  to  joint  5  with 
S-and-drive  slips.  The  pattern  for  joint  6  measures  26y2" 
X  77 Vi",  which  will  need  part  of  another  whole  sheet 
(sheet  4,  fig.  4-4),  with  two  leftover  pieces.  One  of  these 
pieces  is  large  enough  to  make  the  18"  x  28"  end  cover 
for  joint  6.  The  joint  6  entry  is  now  made  in  figure  4-4, 
and  the  sketch  made  on  figure  4-3  for  joint  6  and  its  end 
cover.  This  end  cover  is  to  be  installed  with  standing  S- 
seams  similar  to  those  for  the  plenum  cover. 

Joint  2  in  figure  3-2  is  a  24"  x  14"  takeoff  fitting  that, 
with  seam  and  connection  allowances,  has  pattern 
dimensions  of  IP/i"  x  7714''  This  pattern  can  be  made 
from  the  leftover  material  from  joint  5  (sheet  3)  if  joint 
2  is  made  in  two  pieces  (IVA"  x  3914 '0  with  two 
Pittsburg  lock  seams.  You  now  make  the  line  ei.try  for 
joint  2  in  figure  4-3  and  make  the  sketches  on  sheet  3  of 
figure  4-4. 


joint  7  in  figure  4-2  is  a  takeoff  fitting  6  inches  long, 
which  reduces  from  18"  x  12"  to  18"  x  10".  It  has  a 
tapped  connection  at  one  end  and  S-and-drive 
connections  at  the  other.  Since  this  transition  tapers  on 
two  sides,  it  should  be  made  in  four  pieces  with  four 
Pittsburg  lock  seams.  The  pattern  for  each  piece  is  91/2 
inches  wide  (6-inch  length  plus  3-i.nch  allowance  for  the 
tapped  connection  and  1/2-inch  allowance  for  the  S- 
and-drive  connection.)  The  two  patterns  for  the  top 
pieces  are  9V2"  x  20"  (2  inches  are  allowed  to  make  the 
pockets  for  the  Pittsburg  lock  seams).  The  two  patterns 
for  the  side  pieces  are  916"  x  I21/2"  (1/2  inch  is  allowed  to 
make  the  1/4-inch  flanges  for  the  Pittsburg  lock  seams). 
These  four  pieces  are  entered  as  line  items  in  figure  4-3. 
Notice  in  the  sketches  that  the  piece  left  over  from  the 
joint  6  end  cover  (sheet  4)  is  large  enough  to  make  two 
top  pieces  9^2"  x  20".  Also,  notice  that  the  two  9V2"  x 
I2V2"  side  pieces  are  made  from  sheets  2  and  4. 


MATERIA!^  REQUIRED 

MATERIAL.  NEEDED 

FOR  PATTERNS 

SOURCE 

ITEM 

(INCLUDING  ALLOWANCES) 

OF  MATERIAL 

IDENTIFICATION 

Dimensions 

Sheet 

Size 

Quantity 

Number 

PLENUM 

36"  X  97  1/4" 

1 

1 

3'  X  10' 

Plenum  Cover 

28"  X  28" 

1 

2 

TRUNK  LINE  A 

Joint  4 

36"  X  77  1/4" 

1 

2 

3'  X  10' 

Joint  5 

36"  X  77  1/4" 

1 

3 

3'  X  10' 

Joint  6 

26  1/2"  X  77  1/4" 

1 

4 

3'  X  10' 

End  Cover  'Joint  6) 

18"  X  28" 

1 

4 

Joint  2 

11  1/2"  X  39  1/4" 

2 

3 

Joint  7  Top  and 

Bottom  Pieces 

9  1/2"  X  20" 

2 

4 

Joint  7  Side  Pieces 

9  1/2"  X  12  1/2" 

2 

2  and  4 

Joint  8  Top  and 

Bottom  Pieces 

11  1/2"  X  22" 

2 

1 

Joint  8  Side  Pieces 

11  1/2"  X  12  1/2" 

2 

3  and  4 

Joint  3  Metal  Strips 

3  1/2"  X  77  1/4" 

2 

4 

Joint  3  Cloth 

6"  X  77" 

1 

From  Roll 

Standing  S*Slips 

5  1/2"  X  23  3/4" 

2 

1 

Standing  S -Slips 

5  1/2"  X  23  3/4" 

3 

2 

Standing  S*Slips 

5  1/2"  X  23  3/4" 

2 

3 

Standing  S*Slips 

5  1/2"  X  23  3/4" 

) 

4 

Drive  Slips 

2  1/4"  X  16" 

7 

4 

Drive  Slips 

Z  1/4"  X  16" 

1 

2 

cp-33 

Figure  4-3.  Materials  required  for  plenum  and  trunkline  A. 
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JOINT  8 

II 1/2"  X  22" 

PLENUM 

36'*  X  37  1/4" 

JOINTS 
1/2"  X  22" 

1/2  X  23  3/4 

S-SLIP 
1/2"  X  23  3/4" 

to 

lO 

SHEET  1    3"  X  10' 


JOINT  4 

PLENUM  COVER 
28"X28" 

S-SLIP 
5 1/2"  X  23  3/4" 

S-SLIP 
5 1/2"  X  23  3/4" 

36"  X  771/4" 

JOINT? 

9  1/2" 
X 

12  1/2" 

S-SLIP          1  * 
5  1/2*^X23  3/4"  im 

•                          1*  Iran::!:-.: 

SHEET  2   3'  X  10 


JOINT  2 
II  1/2"  X39  1/4" 

JOINT  5 

36"  X  771/4" 

JOINT  2 
II  1/2"  X  391/4" 

.•■ill? 

I  •  "i 

i 

s-;Si.iP  „ 

5  1/2  X  23  3/4 

JOINTS 
IN/2" 
X 

12  1/2" 

S-SLIP 
5  1/2  X  23  3/4 

i^iliijh!!i|!!!r!;!IIBii!il!!MI!!!!!!!!f!!»^ 

SHEET  3  3'XiO 


JOINT  6 

26  1/2"  X  77  1/4" 

END 
COVER 
FOR 

JOINT  7 
9 1/2"  X  20" 

JOINT  6 
IB"  X  2B" 

JOINT? 
91/2" 

X 
20" 

JOINT  B 
1 1  1/2" 
X 

12 1/2" 

JOINT? 
91/2" 

FLEXIBLE  CONNECTOR    3  1/2"  X  7?  1/4" 

|l 

12  1/2" 

FLEXIBLE  CONNECTOR    c  1/2"  X77  1/4" 

S-SLIP 
5  1/2"  X 

♦ 

*                   1*                  1.  I« 

233/4" 

« 

2  l/4'^X  16 


SHEET  4  3'XIO' 


530^3952 


Figure  '1-''  determining  size  and  quantity  of  sheet  metal  for  plenum  and  trunkline  A. 
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/ —  DOUBLE 
Ls  POLO 


ASSEMBLED  FLEXIBLE  CONNECTION 

CPF-134 

Figure  4-5.  Flexible  connection  (joint  3)  used  in  trunKline  A. 


Joint  8  in  figure  4-2  is  a  takeoff  fitting  8  inches  long, 
which  reduces  from  20"  x  12"  to  20"  x  10".  It  is  the  same 
shape  as  joint  7  but  has  different  dimensions.  Joint  8 
will  require  four  pieces  and  four  Pittsburg  lock  seams. 
The  two  1 1 1/2"  X  22"  pieces  for  the  top  and  bottom  can 


be  made  from  the  leftover  piece  from  the  plenum  (sheet 
1 ).  The  two  1 1 1/2"  X  1 25/2"  side  pieces  can  be  made  from 
leftover  pieces  in  sheets  3  and  4. 

Joint  3  is  a  flexible  connection  made  of  a  flexible 
cloth  and  metal.  The  connection  is  6  inches  long,  24 
inches  wide,  and  14  inches  high.  Figure  4-5  shows  how 
the  flexible  cloth  is  connected  to  the  metal  strips  that 
connect  to  the  S-and-drive  slips  of  joints  2  and  4. 
Notice  how  the  metal  strips  hold  the  cloth  in  double 
folds.  The  materials  needed  for  this  flexible  connection 
arre  a  pieceof  flexible  cloth  6  inches  wide  and  77  inches 
long  (76-inch  perimeter  plus  1-inch  allowance  for  the 
stitched  lap  seam),  and  2  pieces  of  metal,  3!/2  inches 
wide  and  77^4  inches  long.  The  cloth  is  available  in 
bulk  lengths  in  various  widths,  including  a  6-inch 
width.  The  3/2  inch-wide  metal  strips  can  be  made 
from  the  9/2"  x  77 Vi"  piece  leftover  from  sheet  4.  These 
entries  are  recorded  in  the  materials-required  list  (fig. 
4-3). 

The  last  step  in  determining  the  size  and  quantity  of 
material  for  trunkline  A  involves  the  standing  S-slips 
and-drive  slips  th  t  connect  the  joints.  In  figure  4-2  you 
can  see  that  S-and  drive  slips  are  used  in  four  places. 
This  means  that  you  need  8  standing  S-slips,  with  5!/^" 
X  23%"  of  metal  each.  The8-drive  slips  need  IVa""  x  16" 


S-AND  DRIVE  SLIP 
CONNECTION  TO 
TAKEOFF  FITTING 


18"  X  10" 


35"  — 
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^  16"  X  10 
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ROOM  5 
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Figure  4-^.  Breakdown  of  trunkline  B  and  branch  lines. 
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of  metal  each.  According  to  the  sketches  in  figure  4-4, 7 
drive  slips  can  be  made  from  sheet  4  and  one  can  be 
made  from  sheet  2.  These  entries  are  recorded  in  the 
materials  required  list  (fig.  4-3). 

Sometimes  all  of  the  pieces  cannot  be  made  from  the 
sheets,  as  in  this  example  of  trunkline  A.  It  may  be 
necessary  to  wait  and  get  the  additional  material  from 
the  leftover  pieces  of  the  next  duct,  which  in  this 
example  is  trunkline  B. 

Exercises  (438): 

1.  List  the  steps  in  breaking  down  a  trunkline  to  find 
the  materials  you  need. 


2.  What  is  the  allowance  for  a  Pittsburg  seam? 


3.  In  which  of  these  steps  do  you  show  how  to  avoid 
unnecessary  waste? 


439.  Point  out  important  characteristics  in  trunkline  B. 

Trunkline  B.  Earlier  in  this  chapter,  we  discussed  the 
preliminary  planning  for  a  duct  system,  breaking  down 
the  system  into  subsystems,  and  deciding  on  the  type  of 
seams,  joint  connections,  bracing,  kind  of  material, 
thickness  of  material,  and  size  and  quantity  of  sheets.  If 
you  have  carefully  studied  the  text  and  illustrations, 
you  will  find  that  trunkline  B  is  similar  to  trunkline  C. 
Lo;  k  at  trunkline  B  in  foldout  1.  It  has  four  different 
sizes  of  duct,  which  are  connected  with  transitions;  it 
has  seven  round  duct  branch  lines;  and  it  is  closed  at 
the  end  with  an  end  cover. 

Now  let's  determine  the  size  and  quantity  of  sheets 
needed  to  plan  and  fabricate  trunkline  B.  Our  first  step 
again  is  to  make  a  scale  drawing  of  the  plan  view. 
Figure  4-6  shows  the  complete  breakdown  of  trunkline  B 
and  its  branch  lines  (Remember  to  draw  only  the  outside 
lines  and  add  the  joint  connection  lines  and  dimensions 
as  you  determine  the  length  of  each  joint).  Although  we 
have  divided  the  trunkline  into  two  parts  in  order  to  fit 
them  on  one  page,  we  recommend  that  you  make  your 
own  drawings  larger  and  draw  the  trunkline  in  a  straight 
line.  The  four  sections  of  trunkline  B  all  have  the  same 
centerline. 

To  find  the  length  of  the  joints  for  trunkline  B,  draw 
the  joint  connection  lines  as  shown  in  figure  4-6, 


MATERIALS  REQUIRED 

ITEM 
IDENTIFICATION 

MATERIAL  NEEDED  FOR 
PATTERNS 
(INCLUDING  ALLOWANCES) 

SOURCE 
OF  MATERIAL 

Dimensions 

Quantity 

Sheet 
Number 

Size 

TRUNK  LINE  B 

Joints  I  and  2 

36«'  X  57  l/4'» 

2 

1 

3' 

X  10' 

Joints  4  and  5 

36'»  X  53  l/4»' 

2 

1.  2 

3' 

X  10' 

Joints  6  and  7 

Z5"  X  36'' 

2 

3 

3' 

X  8' 

Joints  9.   10.  and  11 

36"  X  45  1/4'' 

3 

3,  4 

3' 

X  8' 

Joints  13t  14 

41  1/4»'X  4«  9" 

2 

5 

4' 

X  10' 

Joint  3  (Transition  Top 

&  Bottom) 

13"  X  20" 

2 

6 

3' 

X  8' 

Joint  3  (Sides) 

10  1/2"  X  13" 

2 

6 

Joint  8  (Transition  Top 

&  Bottom) 

13"  X  18" 

2 

6 

Joint  8  (Sides) 

10  1/2"  X  13" 

2 

6 

Joint  12  (Transition. Top 

&  Bottom) 

16"  X  16" 

2 

6 

Joint  12  (Sides) 

8  l/2'»  X  16" 

2 

6 

End  Cover  (Joint  14) 

16"  X  16" 

1 

6 

Standing  S-Slips 

5  1/2"  X  17  3/4" 

6 

7 

3' 

X  10' 

Standing  S-Slips 

5  1/2"  X  15  3/4" 

10 

7 

Standing  S-Slips 

5  1/2"  X  13  3/4" 

8 

7 

Standing  S-Slips 

5  1/2"  X  11  3/4" 

4 

7 

Drive  Slips 

2  1/4"  X  12" 

16 

7 

Drive  Slips 

2  1/4"  X  10" 

12 

7 

Figure  4~7,  Materials  required  for  trunkline  B. 
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beginning  with  joint  1 ,  which  is  35  inches  long,  center  to 
center.  You  may  think  this  should  be  41  inches,  but  6  of 
the  41  inches  are  included  in  the  takeoff  fitting  from 
trunkline  A,  Joint  1  has  a  perimeter  of  56  inches  which, 
with  Wa  inches  added  for  the  Pittsburg  lock  seam 
allowance,  makes  a  stretchout  of  571/4  inches.  The 
allowance  for  the  S-and-drive  connections  at  each  end  of 
the  joint  is  1/2  inch.  Thus,  the  pattern,  including 
allowances,  for  joints  1  and  2  will  be  36"  x  57Va  \  which 
can  be  made  from  a  sheet  of  metal  3'  x  10',  Record  this 
information  about  joints  1  and  2  on  the  materials- 
required  list  (fig,  4-7),  and  make  sketches  showing  how 
the  pattern  for  joint  1  can  be  made  from  sheet  1,  Figure 
4-8  shows  how  you  should  make  these  sketches  to 
determine  the  size  and  quantity  of  sheets  you  need. 

Continuing  with  the  larger  joints  of  trunkline  B, 
notice  that  joints  4  and  5  have  the  same  dimensions; 
therefore,  a  one-line  entry  can  be  made  in  the 
materials  required  list  (fig,  4-7),  Joints  6  and  7  are  the 
same;  joints  9,  10  and  1 1  are  the  same;  and  joints  13  and 
14  are  the  same.  In  the  sketches  (fig.  4-8)  notice  that 
joints  1  and  2  are  on  sheet  1;  joints  4  and  5  are  on  sheet  2; 
joints  6,  7  and  9  are  on  sheet  3;  joints  10,  and  il  are  on 
sheet  4;  and  joints  13  and  14  are  on  sheet  5. 

The  transitions  in  trunkline  B  are  joints  3,  8,  and  12, 
as  shown  in  figure  4-6,  Transitions  3  and  12  are  made  in 
four  pieces  like  the  takeoff  fitting  7  of  trunldine  A 
because  only  one  of  the  two  dimensions  reduces. 
Transition  8  is  also  made  in  four  pieces  but  is  somewhat 
different  because  both  dimensions  reduce.  Later  in  this 
chapter  when  you  lay  out  the  patterns  for  these 
transitions,  you  will  find  that  the  true  length  of  the 
sloping  sides  requires  1/16-inch  additional  material. 
Look  at  sheet  6  in  figure  3-8,  and  you  can  see  that  there 
is  sufficient  leftover  material  on  the  sheet  to  include  the 
extra  1/16  inch  needed  for  joints  3,  8,  and  12. 

Tht  end  cover  for  joint  14,  including  the  allowance 
for  1-inch  standing  seams  on  each  of  the  four  sides,  is 
sketched  on  sheet  6  of  figure  4-8,  The  standing  S-slips 
and  drive  slips  are  sketched  on  sheet  7  to  show  how  you 
can  save  time  when  you  are  making  pattern  layouts  and 
cutting  the  materials  if  you  group  small,  similar-'^haped 
patterns  like  these  together.  In  each  of  the  seven  sheets 
in  figure  4-8,  several  pieces  are  left  over.  These,  along 
with  the  leftover  pieces  from  trunkline  A,  can  be  used 
later  for  trunkliae  C  and  branch  lines. 

Exercises  (439): 

1.  How  dees  trunkline  B  differ  from  trunkline  A? 


440.  Cite  significant  features  in  trunkline  C  and  in  the 
branch  lines. 

Trunkline  C.  In  foldout  1,  you  can  see  that  trunk- 
line  C  is  similar  to  trunkline  B  except  for  the 


dimensions.  In  our  first  breakdown  of  the  duct  system, 
we  found  that  trutikline  B  is  36'6"  long  and  that 
trunkhne  C  is  42  feet  long.  Notice  in  foldout  1  that 
some  of  the  sections  have  the  same  dimensions  and  that 
some  of  the  material  from  trunkline  B  can  be  used  in 
trunkline  C  if  the  joints  are  the  :>ame  length.  Follow  the 
same  procedures  for  determining  the  size  and  quantity 
of  sheets  for  trunkline  C,  Make  a  scale  drawing  of 
trunkline  C,  as  shown  in  figure  4-9,  Remember  that  this 
drawing  begins  with  the  outlines  only  and  you  add  the 
joint  connection  lines  one  at  a  time. 

Branch  Lines.  Earlier  in  this  chapter,  when  you  were 
breaking  down  the  duct  system,  you  learned  that 
trunklines  B  and  C  had  a  total  of  twelve  6-inch  and 
three  8-inch  round  duct  branch  lines.  You  also  found 
the  length  of  each  branch  line.  Now  you  are  ready  to 
determine  how  much  material  they  will  require  and  the 
size  and  quantity  of  sheets  needed.  As  with  the 
rectangular  duct,  the  first  step  is  to  make  scale 
drawings  of  the  round  duct  branch  lines,  as  we  have 
done  in  figure  4-6,  4-9,  and  4-10, 

111  these  figures,  notice  that  round  joints  on  34/2  inch 
centers  are  used  in  most  branches.  Remember  that  the 
allowance  for  a  slip  joint  is  1  V2  inches.  Thus,  you  can 
see  that  36  inch-  wide  sheets  are  a  good  choice.  For  this 
example,  we  are  using  a  Pittsburg  lock-forming 
machine  that  can  make  5/16-inch  grooved  seams, 
requiring  a  1-inch  seam  allowance.  Now  figuring  the 
size,  you  can  see  that  the  material  needed  for  a 
34!/2-inch  joint  in  the  6-inch  branches  is  19%"  x  36", 

34  V:"      center  to  center 
+ 1  '/z"     slip  joint  allowance 
36"        length  of  joint 

18  /a"      circumference  of  6"  duct  (C  =  rrd) 
+  1"       grooved  ste.im  allowance 

19  78"  stretchout 

Enter  the  dimensions  19%"  x  36"  in  the  materials- 
-required  list  for  the  branch  lines  (not  illustrated) 
before  determining  what  size  and  how  many  sheets  are 
needed.  In  this  example,  you  will  find  that  you  can 
make  6  pieces  19%"  x  36"  from  a  3' x  10'  sheet  with  ^^"x 
36"  leftover. 

You  find  the  pattern  dimensions  for  the  8-inch  round 
duct  joints  in  the  same  way.  Notice  in  figures  4-6  and  4-9 
that  not  all  of  the  8-inch  diameter  joints  are  on  34V2-inch 
centers. 

As  you  continue  determining  the  materials  for  the 
branch  lines,  you  notice  in  figures  4-6  and  4-9  that  all  of 
the  takeoff  fittings  are  6  inches  long.  These  takeoffs  are 
simply  6-inch  joints  of  round  duct  fastened  to  the 
trunklines  with  dovetail  seams.  Remember  from  Chapter 
1  how  dovetail  seams  are  made  and  that  the  seam 
allowance  is  1/2  inch.  Also  you  note  in  figures  4-6,  4-9, 
and  4-10  that  the  center-to-center  lengths  of  the  6-inch 
elbows  are  9  inches  and  of  the  8-inch  elbows  are  12 
inches.  This  leaves  one  short  joint  in  each  branch  line  to 
compensate  for  the  differences  in  the  length  of  the 
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Figure  4-9.  Breakdown  of  trunkline  C  and  branch  lines. 
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branch  lines.  You  have  previously  delennined  thai  the 
branch  line  lengths  varied  '  different  rooms  because  of 
the  transitions  in  the  trunklines. 

If  you  are  required  to  make  elbows,  you  will  find 
that,  if  the  patterns  for  the  5  gores  of  each  elbow  are 
laid  out  side  by  side,  the  6-inch  elbow  requires  a  1 214"  x 
19%"  piece  of  material  and  the  8-inch  elbow  requires  a 
15!^"  X  26!/4''  piece  of  material.  The  branch  lines  shown 
in  figures  4-6,  4-9,  and  4-10  include  twelve  6-inch 
elbows  and  three  8-inch  elbows.  With  this  information, 
you  can  easily  determine  how  many  sheets  of  metal  you 
need  to  make  the  15  elbows. 

The  next  parts  of  the  branch  to  be  figured  are  the 
joints  that  connect  the  elbows  of  the  branch  lines  to  the 
ceiling  diffusers.  Since  these  joints  drop  the  flow  of  air 
from  the  previous  centerlinc,  they  are  sometimes  called 
drop  joints.  Figure  4-10  shows  a  drop  joint  like  those 
used  in  the  6-inch  branch  lines  in  rooms  1,  7,  8,  and  13 
in  foldout  1 .  The  length  of  the  drop  joints  in  6-incb  ducts 
is  different  from  those  in  8-inch  ducts  because  of  the 
difference  in  the  length  of  6-  arid  8-inch  elbows.  The 
actual  drop  in  this  example  is  20  inches,  which  is  the 
distance  from  the  centerline  of  the  duct  system  to  the 
ceilings  of  the  rooms,  (This  distance  is  determined  from 
foldout  2  by  measuring  the  distance  from  ilic  centerline 
of  trunklinc  A  to  the  ceiling.  This  distance  continues  to 
be  20  inches  throughout  the  system  because  the 
centerline  of  this  duct  system  is  the  same  until  the 
elbows  in  the  rooms  change  the  direction  of  airflow.)  In 
figure  4- 10,  you  can  see  that  9  inches  of  the  20-inch  drop 
are  taken  up  by  the  6-inch  elbow,  leaving  only  1 1  inches 
for  the  drop  joint.  This  is  the  center-to-center  length  of 
the  drop  joint,  which  must  be  increased  by  IVi  inches  for 
the  crimped  connection  allowance,  making  an  actual 
joint  length  of  ilVz  inches.  In  the  rooms  that  have  8-inch 
elbows,  the  elbow  extends  12  inches  below  the 
centerline,  and  the  length  of  the  drop  joint  is  shorter. 


Return  Air  Duct.  In  foldout  2,  you  can  sec  an 
elevation  view  of  the  return  air  duct  (return  air  and 
outside  air  plenum)  to  the  heating  and  air-conditioning 
system  we  have  been  discussing.  Earlier  in  the  chapter, 
we  broke  down  the  return  air  duel  and  found  the 
dimensions  to  be  18  inches  high,  36  inches  wide,  and  9 
feet  6  inches  long,  in  figure  4-1 1  we  have  further  broken 
the  duct  down  into  joints.  Notice  that  joint  4  is  located  to 
contain  the  multiblade  damper.  Determining  the  size  and 
number  of  sheets  for  this  duct  is  similiu*  to  determining 
the  material  for  the  other  rectangular  ducts  except  that 
these  dimensions  are  large  enough  to  take  nearly  a  whole 
3'  X  10'  sheet  for  each  joint.  The  stretchout  including  the 
Pittsburg  scam  allowance  is  109'/4  inches.  The  ends  of 
joints  1  and  4,  shown  in  figure  4-1 1,  are  plain  and  do  not 
have  flanges  because  the  duct  openings  through  the  walls 
will  be  boxed  in  (framed)  by  the  carpenters.  The  hall 
register  and  the  outside  wall  louver  will  be  fastened  to 
the  wood  framing.  The  joints  are  connected  with  S-and- 
drive  slips  between  each  joint. 

Exercises  (440): 

1.  How  should  you  measure  the  distance  of  the  drop 
when  installing  a  trunkline? 


2.  How  are  the  joints  connected  when   you  are 
fabricating  a  square  or  rectangular  duct? 


3.  What  is  significant  in  joints  1  and  4  in  the  return  air 
duct? 
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Figure  4-10.  Elevation  view  of  6-inch  branch  line  used  in  rooms  1.7,8,  and  13. 
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Figure  4-1 1 .  Breakdown  of  return  air  and  outside  air  plenum. 


441.  Cite  the  uses  of  some  of  the  airflow  control 
devices  in  the  duct  system. 

Selecting  Registers,  Grilles,  and  Diffusers.  The 
registers,  grilles,  and  diffusers  for  a  duct  system  are  not 
difficult  to  select  because  most  of  the  needed 
information  is  in  the  working  drawings  or  blueprints. 
In  the  system  we  are  describing,  you  can  use  both 
foldouts  for  selecting  the  registers,  grilles,  and 
diffusers.  You  add  each  item  to  the  materials-required 
lists  (shown  in  figs.  4-3  and  4-7)  and  make  an 
appropriate  statement  in  the  Source  of  Material  column. 
For  example,  if  any  of  the  items  are  to  be  made  in  the 
shop,  you  enter  the  estimated  amount  of  material 
needed.  If  the  items  are  to  be  purchased  as  factory- made 
units,  the  source  column  entry  is  ** Factory-made.*' 
"Factory-made." 

The  only  register  used  in  this  system  is  the  18"  x  36" 
return  air  register  in  the  return  air  duct.  The  register  is 
to  be  installed  at  floor  level. 

Two  iypes  of  grilles  are  used ,  wall  and  door.  Some  of 
the  grilles  are  10"  x  6",  some  are  12^x6",  and  one  is  12" 
X  8". 

In  each  room  and  hallway,  there  is  a  round  ceiling 
diffuser  with  an  adjustabJe  volume  damper.  Two  sizes 
are  used,  6-inch  diameter  and  8-inch  diameter.  These 
diffusers  are  the  air  supply  outlets  for  the  duct  system. 


After  the  diffusers  are  installed,  the  dampers  will  be 
adjusted  for  the  designated  cfm  (cubic  feet  per  minute). 

Selecting  Louvers  and  Dampers.  You  can  also  select 
the  louvers  and  dampers  from  the  information 
contained  in  foldouts  1  and  2.  The  system  uses  two 
louvers.  <3ne  of  these  is  18"  x  36"  and  is  located  on  the 
outside  air  intake  of  the  return  air  and  outside  air 
plenum.  The  other  is  1 8"  x  24"  and  is  also  located  on  the 
outside  wall  but  with  a  different  function;  it  allows 
filtered  combustion  air  to  enter  the  furnace  room.  Note 
the  description  given  on  foldouts  1  and  2  concerning 
both  of  these  louvers. 

The  system  uses  16  volume  dampers.  In  foldout  2, 
the  multiblade  volume  damper  is  located  in  joint  4  of 
the  return  air  and  outside  air  plenum  (return  air  duct). 
This  damper  must  be  installed  in  joint  4  when  thejoint 
is  fabricated.  The  damper  blades  are  adjusted  by  the 
hand  quadrant  to  obtain  the  desired  mixture  of  inside 
and  outside  air  for  circulation  through  the  heating  and 
air-conditioning  system.  In  foldout  1  you  can  see  that 
15  other  volume  dampers  are  located  in  the  ceiling 
diffusers. 

Selecting  Insulation.  Soft  fiexible  blankets  of  glass 
fiber,  with  aluminum  foil  bonded  to  each  side,  arc 
wrapped  around  the  exterior  of  heating  and 
air-conditioning  ducts  for  thermal  insulation.  The 
foil-backed  insulation  prevents  excessive  cooling  of 
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hcnlL-d  air  as  well  as  excessive  warming  of  cooled  air,  as 
air  passes  through  the  duct  system.  Insulation  around 
the  air-conditioning  ducts  also  prevents  condensation 
and  dripping  of  moisture.  Foil-bi.  ^d  insulation  is 
available  in  rolls  up  to  1 00  feet  long;  i  hicknesses  of  1 , 
1  !/2,  and  2  inches;  and  in  widths  of  1 8,  ^^t,  36, 48,  and  72 
inches.  The  foil  on  the  rolls  that  are  48  and  72  inches 
wide  extends  2  inches  past  both  edges  of  the  glass  fiber, 
forming  tabs  to  lap  during  installation.  On  rolls  that 
are  less  than  48  inches  wide,  the  2-inch  tab  is  usually  on 
one  edge  only. 

When  you  are  selecting  insulation  for  a  duct  job,  you 
will  find  the  type  and  thickness  described  on  the 
working  drawing  or  blueprint.  Note  2  in  foldout  \ 
specifies  1-inch  foil-backed  glass  fiber  insulation.  Your 
job  is  to  determine  the  amount  of  insulation  to  be  used, 
including  length  and  width.  For  example,  in  foldout  1 
the  perimeter  of  trunkline  A  is  "^^^  inches;  the  insulation 
is  wrapped  around  the  duct  and  joint  with  a  taped 
seam.  li  insulation  48  inches  wide  is  used  for  trunkline 
A,  each  full  sized  piece  should  be  48  inches  wide  annd 
82  inches  long.  You  determine  the  number  of  pieces  of 
this  size  you  need  by  the  length  of  the  duct.  Trunkline 
A  is  9'2''  long;  therefore,  you  need  two  pieces,  48"  x  82", 
and  one  piece,  14"  x  82",  to  cover  trunkline  A.  The 
joints  between  these  sheets  are  butt  joints  with  the 
blankets  fitting  together  and  the  foil  tabs  overlapping 
to  make  a  lap  joint.  The  end  joint  cover,  which  is  24"  x 
14"  needs  a  piece  with  4  inches  allowance  on  each  of  the 
4  sides  for  a  lap  joint. 

You  can  insulate  such  ducts  as  the  !  2"  x  8"  section  of 
trunkline  B  in  foldout  1  with  1  piece  of  foil-backed 
insulation  48  inches  wide  and  9  feet  4  inches  long. 
There  will  be  no  joints  and  only  1  seam  9  feet  4  inches 
long.  You  can  see  that  it  is  easier,  quicker,  and  cheaper 
to  use  single  pieces  when  possible. 

While  you  are  figuring  the  amount  of  insulation  for  a 
duct,  also  select  the  type  of  fastener  to  use  and 
determine  the  number  you  need.  Although  you  have 
joined  the  seams  and  joints  between  sheets  of 
foil-backed  insulation  by  folding  the  edges,  you  also 
use  other  fasteners,  such  as  staples,  tape,  adhesives,  or 
wire.  Soft  zinc-coated  20-gage  wire  is  usually  used 
around  the  joints  to  make  sure  that  the  insulation 
blanket  does  not  come  off  the  duct.  The  amount  of  wire 
is  determined  by  the  number  of  joints  and  the 
perimeter  of  each,  plus  a  wire  band  at  each  end  of  the 
duct.  For  example,  in  trunkline  A  three  sheets  of 
insulation  (two  48"  x  82"  and  one  1 4"  x  82")  are  needed. 
This  requires  four  wire  bands  around  the  two  joints 
and  two  ends.  Since  2  inches  are  allowed  for  twisting 
the  ends  together,  each  band  of  wire  should  be  78 
inches  long  (76  plus  2).  Thus,  the  wire  requirement  for 
trunkline  A  is  78  inches  multiplied  by  4,  for  a  total  fo  26 
feet. 

We  have  now  explained  the  selection  of  materials  for 
a  typical  heating  and  air-conditioning  system.  You 
have  enough  information  to  make  a  materials-required 
list  for  the  entire  duct  system,  and  sketches  of  the  sheets 
of  metal  showing  how  each  sheet  can  be  cut  with  a 
minimum  amount  of  waste. 


Exercises  (441): 

1.  What  airflow  control  device  is  used  for  the  air 
supply  outlets  in  a  duct  system? 


2.  What  material  is  used  to  wrap  the  exterior  of 
heating  and  air-conditioning  ducts  for  thermal 
insulation? 


3.  How  do  you  usually  fasten  the  insulation  around 
joints  to  insure  that  it  does  not  come  off  the  duct? 


4-2.  Layout  and  Fabrication  of  Duct  System. 
Components 

This  section  deals  with  laying  out,  cutting,  notching, 
and  forming  patterns  into  components.  We  will 
continue  to  use  the  heating  and  air-conditioning  duct 
system  in  foldout  1  to  explain  the  procedures.  By  now 
you  should  have  a  good  understanding  of  the  system. 
We  suggest  that  you  refer  to  the  appropriate  portions 
of  Volume  2  when  necessary. 

442.  List  the  methods  for  pattern  development^  and 
name  the  patterns  made  by  specified  methods. 

Pattern  Layout.  In  Chapter  1  of  this  volume,  you 
learned  three  methods  of  pattern  development:  the 
parallel  line  Method,  radiaMine  method,  and 
triangulation  method.  Most  of  the  ducts  and  components 
shown  in  foldout  1  have  parallel  sides,  and  their  patterns 
can  be  made  by  the  parallel-line  method.  When  you  are 
examining  the  patterns  illustrated  in  this  chapter, 
remember  that  the  bending  instructions  are  written  so 
that  they  will  be  on  the  inside  of  the  joint  when  it  is 
assembled. 

Rectangular  duct  joint  patterns.  The  paralleMine 
method  is  used  to  lay  out  the  pattern  for  joints  4  and  5 
of  trunkline  A  (fig.  4-2);  each  joint  is  24"  high  x  14" 
wide  X  35"  long.  Joints  2  and  6,  also  in  trunkline  A,  are 
laid  out  the  same  except  for  length;  joint  2  is  on  8-inch 
centers,  and  joint  6  is  on  26-inch  centers.  The  76-inch 
stretchout  and  the  IVi-inch  Pittsburg  seam  allowance 
are  the  same  for  all  4  of  these  joints  except  that  on  joint 
6  the  1/2-inch  joint  allowance  is  on  1  end  only. 

The  first  step  in  laying  out  the  pattern  is  to  draw  a 
straight  line  equal  to  the  perimeter  of  the  4  sides,  which 
in  this  case  is  76  inches  long.  Draw  the  5  element  lines 
35  inches  long,  perpendicular  to  the  stretchout  line, 
and  space  them  14,  24,  14,  and  24  inches  apart.  When 
you  add  the  upper  stretchout  line,  you  have  a  76"  x  35" 
rectangle.  Next,  add  the  Pittsburg  lock  seam 
allowances  (1  inch  at  one  end  and  1/4  inch  at  the 
other).  Then  add  the  l/2Mnch  S-and-drive  slip 
allowances  at  each  side  for  the  joint  connections.  Don't 
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forget  that  the  76-iiich  length  of  the  stretchout  will  not 
be  the  length  of  the  assembled  joint.  The  joint  will  be  35 
inches  long,  plus  allowances.  The  final  step  is  to  mark 
the  notches  and  cross  brake  lines. 

Round  duct  Joint  patterns.  All  round  duct  joints  in 
the  branch  lines  are  made  in  the  same  way  except  for 
the  dimensions.  In  figures  4-6  and  4-9,  most  of  the 
round  duct  has  a  6-inch  or  8-inch  diameter,  with  the 
length  made  on  a  34'/2  inch  center.  Since  the  sides  of  the 
pattern  are  parallel,  the  parallel-line  method  of  layout 
is  used.  Without  allowances,  the  pattern  for  a  6-inch 
round  joint  on  a  34!/i-inch  center  is  a  rectangle  18%"  x 
34'/2'',  as  shown  in  figure  4-12. The  1878-inch  side  of  the 
pattern  is  the  circumference  of  the  6-inch  joint,  and 
each  edge  has  1/2-inch  allowance  for  the  5/16-inch 
grooved  seam.  Notice  that  one  edge  is  to  be  bent  up  and 
the  other  is  to  be  bent  down.  The  length  of  the  pattern 
is  34'/J  inches  plus  1  Y2  inches  for  the  crimped  slipjoint, 
making  a  total  length  of  36  inches.  The  patterns  for  the 
other  round  duct  joints  in  '*^e  branch  lines  are  like  this 
one,  except  for  their  dimensions.  The  seam  and 
connection  allowances  are  the  same  for  all  round 
joints,  except  for  the  round  joints  that  attach  to  the 
trunklines  with  dovetail  seams. 

Transition  patterns.  Trunklines  B  and  C  in  figures 

4-  6  and  4*9  have  three  transitions  each.  These  six  trans 
itions  are  simiL-^T,  except  for  the  two  that  have  a 
reduction  in  both  dimensions  (joint  8  of  trunkline  B 
and  joint  9  of  trunkline  C).  Figure  4-13  shows  the 
development  of  the  patterns  by  the  triangulation 
method  for  the  sides,  top,  and  bottom  of  the  transition. 
First,  draw  a  plan  view  of  the  larger  rectangle  (16"  x 
10"),  as  shown  in  figure  4-13.  Next,  draw  the  smaller 
14"  X  8"  rectangle  inside  the  larger  rectangle.  Note  the 
corner  diagonals  and  the  centerlines.  The  next  step  is  to 
project  the  vertical  lines  and  make  the  top  elevation 
view.  The  height  of  the  transition  is  12  inches,  but  you 
must  leave  1/2  inch  straight  at  each  end  so  that  the 

5-  and-drive  slips  will  connect  properly.  This  makes  the 
height  of  the  elevation  view  (not  counting  the  straight) 


11  inches,  as  shown  in  figure  4-13.  The  true  length 
(height)  of  the  sloping  sides  when  they  are  drawn  to 
actual  size  (or  scale)  is  1 1  7i6  inches,  making  the  total 
length  of  the  pattern,  including  allowances, 
13  7i6  inches. 

The  patterns  for  the  top  and  bottom,  before  the 
S-and-drive  allowances  are  included,  are  identical  to 
the  elevation  view  except  that  the  true  length  is  used. 
To  the  top  and  bottom  pattern  in  figure  4-13,  you  must 
make  1  /  2  inch  S-and-drive  allowances  at  each  end,  and 
make  1-inch  Pittsburg  seam  pocket  allowances  at  both 
edges.  Notice  how  the  straights  are  bent,  oue  up  5°  and 
one  down  5°.  The  patterns  for  the  two  sides  of  the 
transition  are  identical.  !n  figure  4-13,  the  1-inch 
straight  on  the  widest  end  is  10  inches  long,  and  the 
other  straight  is  8  inches  long.  These  straights  are 
1 1  V16  inches  apart.  Notice  the  allowances  of  1  /2  inch  at 
each  end  and  1/4  inch  at  each  side.  In  both  patterns, 
the  bending  instructions,  notching  instructions,  and 
cross  brake  lines  are  shown. 

The  patterns  for  transitions  (joints)  3  and  12  of 
trunkline  B  and  transitions  2  and  13  of  trunkline  C  are 
developed  in  a  similar  manner,  except  that  only  the 
width  of  the  transition  reduces;  the  height  remains  the 
same. 

Plenum  top  and  duct  end  patterns.  The  pattern  for 
the  top  of  the  plenum  is  shown  in  figure  4-14.  This 
pattern,  except  for  its  dimensions,  is  the  same  as  the 
patterns  for  the  end  covers  of  trunklines  A,  B,  and  C. 
The  standing  seams  in  these  pieces  are  shaped  like  the 
seam  in  figure  M  B-1.  With  standing  seams  on  all  four 
sides,  the  24"  x  24"  plenum  top  fits  tightly  over  the  24"  x 
24"  opening  in  the  plenum,  as  shown  in  figure  4-15. 
When  the  top  is  installed,  the  standing  seam  acts  as  a 
stiffener  and  strengthens  the  plenum.  In  figure  4-14  you 
can  see  how  2  inches  are  allowed  on  all  four  sides  for  the 
standing  seams,  and  the  instructions  for  bending,  comer 
notching,  and  cross  braking  are  given.  This  pattern  is 
developed  by  the  parallel  line  method  of  layout. 
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Figure  4-12.  Pattern  for  6-inch  round  duct  joint. 
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Figure  4-14.  Pattern  for  top  of  plenum. 


Elbow  patterns.  The  branch  lines  of  the  duct  system 
in  foldout  1  have  similar  elbows  except  for  size.  We  will 
not  consider  the  pattern  development  tor  elbows 
because  of  their  availability  on  local  markets,  costing 
less  than  the  time  it  takes  to  make  them. 

Exercises  (442): 

L  List  three  methods  for  pattern  development. 


2,  Which     patterns    are     developed     using  the 
triangulation  method? 


3,  Which  patterns  are  made  by  the  parallel  line 
method? 


443.  Identify  factors  in  turn  vane  development. 

Turn  Vane  Patterns.  In  an  earlier  chapter  of  this 
text,  you  learned  how  to  determine  the  width,  length, 
spacing,  and  number  of  turn  vanes  to  achieve 
maximum  airflow  through  a  90''  rectangular  elbow. 
You  must  have  this  information  before  you  make  the 
pattern.  Figure  4-16'  is  an  enlarged  plan  view  of  joint  6 
of  trunkline  A,  which  contains  two  sets  of  turn  vanes. 


This  illustration  is  derived  from  the  breakdown  of 
trunkline  A  in  figure  4-2,  Remember  that,  for  best 
airflow,  turn  vanes  must  be  spaced  so  that  they  have  an 
aspect  ratio  of  5,  Using  the  formula  IL  =  5  and 

W 

substituting  the  height  of  the  duct  (14  inches),  we  get 

=5,  or  2  Vs  inches  for  the  spacing  between  the  turn 
vanes. 

The  next  step  is  to  determine  how  many  turn  vanes 
you  need.  Divide  the  275  (2,8)  inch  spacing  into  the 
length  of  the  turn  vane  rows.  As  you  can  see  in  figure 
4-16,  the  row  for  trunkline  B  has  eight  turn  vanes  and 
the  row  for  trunkline  C  has  nine  turn  vanes.  In  both 
computations,  the  actual  number  of  turn  vanes  is  a 
mixed  number  that  has  been  rounded  off  to  the  nearest 


UNO  TABS 
Fl>T  TO  HOLO 
COVER 


J 


h  

 24"  



COVER. 

\ 

TABS  OF 

-oixrr 
AU.F00R 

CORNERS 


-  PLENUM 


STANOfNG 
.SEAM 
ALL  FOUR 
SIDES 


Fi^^are  4-15.  Standing  seam  used  with  plenum  top. 


ERIC 


33 


106 


whole  number.  In  this  step  you  also  find  that  the 
curved  part  of  the  turn  vane  is  4!/5  inches  and  each 
straight  is  1'/^  inches.  Thus,  the  dimensions  for  each 
turn  vaneare7V4''x  14".  (If  necessary,  refer  to  fig.  3-6to 
refresh  your  memory  concerning  dimensions  of  turn 
vanes.)  When  you  add  the  3/4-inch  tab  allowance  to 
each  end  of  the  pattern,  the  total  dimensions  become 
7!^"  X  15'/i^  as  shown  in  figure 4-16.  Notice  also  that 
the  3/4-inch  tab  allowance  has  been  marked  to  show 
the  slits,  which  are  approximately  1  inch  apart.  During 
installation,  these  tabs  are  bent  90°  and  riveted  to  the 
top  and  bottom  of  the  duct  joint. 

You  can  make  the  patterns  for  the  components  of 
the  duct  system  directly  on  the  metal  sheets.  If  several 
like  items  are  needed,  you  can  make  paper  patterns  or 
metal  templates.  You  should  recall  how  you  transfer 
patterns  from  paper  patterns  or  metal  templates. 


Exercises  (443): 

1.  What  are  turn  vanes  used  for  in  a  90°  rectangular 
duct  elbow? 

2.  Give  the  formula  for  spacing  turn  vanes. 

3.  How  much  tab  allowance  is  added  to  each  end  of  a 
turn  vane  pattern? 
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444,  Explain  key  points  in  cutting  and  notching  the 
components  of  sheet  metal  duct  systems. 

Cutting  and  Notching,  Such  patterns  as  those  shown 
in  figures  4-13  and  4-14  contain  information  you  can  use 
for  cutting  and  notching.  For  example,  figures  4-4  and 
4-8  show  how  you  can  arrange  the  patterns  on  full-si, 
sheets  in  such  a  way  that  you  will  have  very  few  leftover 
pieces  after  cutting.  This  information,  combined  with 
what  you  learned  about  sheet  metal  cutting  equipment  in 
Volume  2  of  this  course,  should  help  you  cut  and  notch 
patterns  of  almost  any  shape.  Most  of  the  patterns  for 
this  heating  and  air-conditioning  duct  system  can  be  cut 
with  squaring  shears  or  unishears  and  notched  with 
straight  snips. 

Cutting  patterns.  The  patterns  for  joints  4  and  5  of 
trunkline  A  are  cut  from  sheets  2  and  3  (fig.  4-4)  with 
power  or  manually  operated  squaring  shears.  After  you 
scribe  or  mark  the  pattern  on  the  3'  x  10'  sheet,  you 
place  the  sheet  in  the  squaring  shears  and  cut  along  the 
77V4-inch  line.  You  will  find  that  you  can  cut  pieces  up 
to  48  inches  long  t  j  the  desired  sizes  by  setting  the  front 
gage  of  the  squaring  shears.  You  can  cut  pieces  up  to  24 
inches  long  to  desired  sizes  by  using  the  back  gage  of  the 
squaring  shears.  These  gages  are  particularly  helpful  if 
several  pieces  of  the  same  size  are  to  be  cut.  When  you 
are  cutting  patterns,  be  sure  to  include  the  seam  and  joint 
connection  allowances.  For  example,  when  allowances 
are  included  with  the  basic  pattern  size  35"  x  76",  the 
completed  pattern  is  36"  x  77  W.  Several  rectangular 
joints  of  the  duct  system  in  foldout  1  require  holes  for  the 
takeoff  fittings.  The  plenum  must  have  a  24"  x  14" 
opening  to  accept  joint  2  of  trunkline  A.  Joint  6  of 
trunkline  A  must  have  18"  x  12"  and  20"  x  12"  openings 
for  the  takeoff  fittings  for  trunklines  B  and  C 
respectively.  Several  joints  in  trunklines  B  and  C  have 
round  openings  to  accept  the  6-  and  8-inch  round  takeoff 
fittings  for  the  branch  lines.  You  can  make  the 
rectangular  cutouts  with  straight  snips  or  portable 
unishears,  and  the  round  cutouts  with  aviation  snips  or 
portable  unishears.  It  is  best  to  cut  out  the  openings  for 
the  branch  lines  at  the  job  site  rather  than  in  the  shop. 

The  patterns  for  the  round  duct  joints  are  easy  to  cut 
because  they  are  rectangular  and  do  not  have  notches. 
Figure  4-12  shows  the  pattern  for  the  6-inch  round 
joint  used  extensively  in  the  branch  lines.  Note  that  the 
size  of  the  pattern,  including  allowances,  is  19^8"  x  36". 
Patterns  this  size  can  be  cut  from  3'  x  8'  or  3'  x  10'  sheets 
with  very  little  leftover  material.  Since  several  joints  of 
this  size  are  to  be  made,  you  can  save  time  by  setting  the 
back  gage  of  the  squaring  shears  for  19^8  inches  and 
cutting  all  of  the  pieces  from  whole  sheets  of  metal. 

The  patterns  for  the  transitions  shown  in  figure  4-13 
are  to  be  cut  from  sheet  6  in  figure  4-8.  Notice  that  we 
estimated  the  top  and  bottom  patterns  to  be  13"  x  18",  but 
because  of  the  true  length  of  the  sloping  sides,  the 
pattern  requires  13  "  x  18".  This  additional  1/16  inch 
can  be  obtained  from  the  leftover  space  on  sheet  6  (fig. 
4-8)  without  affecting  the  other  patterns.  This  same 
additional  1/16  inch  is  needed  for  the  2-side  patterns. 


which  have  an  actual  size,  including  allowance,  of 
101/2"  X  13  716".  Notice  on  sheet  6  in  figure4-8  that,  when 
this  extra  1/16  inch  is  cut  for  the  top  and  bottom 
pieces,  it  also  provides  the  extra  1/16  inch  for  the  two 
side  pieces.  You  can  cut  sheet  6  easily  with  squaring 


BEND  UP  180** 
BEND  DOWN 


180" 


PATTERN 


BEND  DOWN  40* 


A.   PATTERN  MADE  ON 
18  GAGE  METAL 


HAND 

-H  FOLDER  V 


DUCT 


B .   HAND  FOLDER  PLACED  ON  EDGE 
TO  BE  BENT  ISO" 


C.    EDGE  BENT  TO  APPROXIMATELY 
leO" 


D.  5^1"  DRIVE  SUP  CONNECTIONS  FLATTENED 
TO  180"  WITH  MALLET  AND  HAND  FOLDER 

Figure  4-17.  Hand  folder  to  make  180°  bend  for  1/2-inch  drive 
slip  connections. 


108 


ERIC 


337 


shears  by  making  the  first  36  ir.ch  cut  along  the  line 
between  joints  2  and  8.  The  next  36-inch  cut  should  be 
between  the  4  pieces  of  joint  8,  but  allowingl3 '/leinch 
width  instead  of  the  13  inches  shown.  The  next  cut 
should  make  another  piece  13  716"  x  36".  The  other  36- 
-inch  cuts  across  sheet  6  are  made  as  marked.  Now, 
going  back  to  the  261/8"  x  36"  piece  cut  for  the 
transition,  3  cuts  are  needed  to  separate  the  4  pieces  of 
the  transition  and  the  IVi  x  261/8''  leftover  piece. 
Remember  to  use  thel3  Vi6-inch  measurement  instead 
of  the  13-inch  measurement. 

Notching  patterns.  You  make  the  slits  and  notches  in 
patterns  with  straight  snips  or  throatless  shears.  The 
straight  snips  are  used  most  often,  but  throatless  shears 
have  more  leverage  and  require  less  effort.  When  using 
either  of  these,  ycu  must  be  careful  not  to  make  the  cuts 
any  longer  than  is  specified  on  thee  pattern.  Notching 
is  needed  so  that  you  can  bend  the  sheet  metal  along  the 
brake  lines  indicated  on  the  pattern  and  can  assemble 
the  Pittsburg  lock  seams  more  easily,  assemble 
S-and-drive  slip  joint  connections  more  easily,  and 
install  the  drive  slips  more  easily.  You  cut  V-notches 
and  slant  notches  at  45°  angles,  and  square  notches  at 
90°  angles.  In  figure  4-13  you  can  see  examples  of  these 
notches.  You  use  V-notches  along  the  1/2-inch 
allowances  for  the  S-and-drive  connections,  slant 
notches  at  each  end  of  these  1/2-inch  allowances,  and 
square  notches  at  each  end  of  the  1-inch  Pittsburg  seam 
allowance.  You  can  cut  all  of  these  with  straight  snips. 
Notice  at  the  righthand  end  of  the  pattern  how  one  cut 
makes  the  slant  notches  for  two  sides  at  one  time. 

The  pattern  for  the  round  duct  joint  in  figure  4-12  does 
not  require  any  notches  because  there  are  no  cross  bends 
to  make  when  you  assemble  the  joint. 

The  patterns  for  the  16"  x  10"  to  14"  x  8"  transition 
shown  in  figure  4-13  have  45°  and  90°  notches  at  each 
comer.  Although  these  notches  are  arranged  somewhat 
differntly  from  the  notches  for  the  rectangular-shaped 
duct,  tiicy  are  cut  with  the  straight  snips  in  the  same 
manner. 

The  comers  of  the  pattems  for  the  plenum  top  in 
figure  4-14  are  cut  at  45°  angles.  See  how  a  single  cut  at 
each  comer  makes  the  slant  notches  for  each  adjoining 
side  of  the  pattem  plus  slant  notches  for  each  1-inch 
portion  of  the  standing  seam.  Make  these  slant  notches 
with  squaring  shears  or  straight  snips. 

The  3/4-inch  slits  in  the  pattem  for  the  tum  vane 
shown  in  figure  4-16  are  spaced  approximately  1  inch 
apart  so  that  the  tabs  can  be  bent  90°  for  fastening  to  the 
duct.  When  you  cut  slits  like  these,  be  careful  to  make 
all  of  them  exactly  3/4-inch  long  so  that  the  tabs  can  be 
bent  properly. 

Exercises  (444): 

1.  What  is  used  to  cut  the  joints  after  the  pattern  is 
scribed  on  a  metal  sheet? 


2.  Why  are  round  duct  joints  the  easiest  to  cut? 


3.  What  notches  are  cut  at  a  45°  angle? 


4,  Where  are  square  notches  used? 


445.  Name  some  of  the  equipment  used  in  forming 
and  assembling  sheet  metal  duct  system  components* 

Forming  and  Assembly.  Forming  patterns  into 
shape  is  the  next  step  in  fabricating  sheet  metal 
components.  In  Chapter  2,  we  described  how  the 
pattems  shown  in  figure  2-20  were  formed  by  a  1-2-3-4 
sequence  of  operations:  (1)  cross  braking,  (2)  seam 
allowance  bending,  (3) joint  connection  allowance 
bending,  and  (4)  comer  bends. 

Rectangular  duct  joints.  The  regular  sequence  for 
forming  sheet  metal  components  is  sometimes  changed 
to  make  the  operation  easier.  For  example,  to  form  the 
metal  for  rectangular  joints,  you  will  find  it  easier  to  do 
the  folding  in  a  1-2-3  sequence  because  of  the  length  of 
the  stretchout.  By  forming  the  corners  second,  the 
metal  is  much  easier  to  feed  through  the  Pittsburg-lock 
forming  machine,  because  it  is  easier  to  handle  the 
metal  when  the  dimensions  are  14"  x  24"  x  36"  instead 
of  36"  X  77Vi",  To  form  the  rectangular  duct,  you  first 
use  the  cornice  brake  to  bend  the  metal  up  along  the 
cross  brake  lines,  A  10°  to  15°  bend  should  be 
sufficient  on  the  cross  brake  lines  of  any  square  or 
rectangular  duct  joint.  Next,  in  step  4,  you  use  the 
cornice  brake  to  make  the  90°  corner  bends  along  the 
three  element  lines  and  the  1/4-inch  Pittsburg  flange 
line.  This  changes  the  flat  sheet  into  a  rectangular 
shape.  Now,  resuming  the  regular  sequence  with  step  2, 
you  make  the  bends  for  the  Pittsburg  seam  pocket  by 
feeding  the  1-inch  allowance  for  the  pocket  through  the 
Pittsburg  machine,  as  you  learned  in  Chapter  2.  In  step 
3,  you  make  the  180°  bends  for  the  drive  slip  connections 
with  a  shop-made  hand  folder.  If  you  perform  step  3 
ahead  of  step  4,  you  can  use  a  mallet  and  comice  brake. 

The  rectangular  duct  we  are  discussing  will  need  a 
hand  folder  that  is  14  iriches  long.  You  can  make  this 
hand  folder  from  a  9"  x  14"  piece  of  18-gage  metal,  as 
shown  in  A  of  figure  4-17,  In  step  B,  youj)lace  the  hand 
folder  over  the  edge  to  be  bent.  In  step  C,  you  bend  the 
1/2-inch  allowance  of  the  duct  joint  to  160°,  and  in 
step  D  you  turn  the  hand  folder  around  and  use  the 
other  end  for  a  spacer  while  you  flatten  the  folded  edge 
to  180°  with  the  mallet.  This  shopmade  tool  does  the 
same  job  as  a  hand  seamer  except  that  it  is  long  enough 
to  bend  (as  in  this  example)  the  whole  14  inches  in  one 
operation.  When  you  are  making  a  hand  folder,  it  is  a 
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good  idea  to  make  several  standard  sizes  that  can  bend 
edges  that  are  6",  8",  10^  12",  U'and  le^long. 

Assembling  the  24"  x  14"  joint  is  quite  simple, 
because  all  that  remains  to  be  done  is  to  joinn  the 
Pittsburg  lock  seam.  In  figure  4-18,  you  can  see  the 
steps  in  "locking"  the  Pittsburg  seam  of  a  35-inch  joint. 
If  the  pocket  of  the  seam  is  tight,  you  must  insert  the 
1/4-inch  flange  first  at  one  end,  as  shown  in  step  A  of 


STARTING  THE  FLANGE  IN  THE 
PITTSBURG  LOCK  SEAM  POCKET 


FLATTENED  IN  SEVERAL  PLACES 
TO  HOLD  SECURE 


FLATTENED  TO  HOLD 
DURING  ASSEMBLY 


PITTSBURG  SEAM 
COMPLETELY  FLATTENED- 


Figure  4-18.  Assembly  of  a  Pittsburg  lock  seam. 


figure  4-18.  Start  the  flange  by  hand  but  after  a  few 
inches  you  may  need  to  use  a  hammer  and  a  tool,  such 
as  a  hand  groover,  to  seat  the  flange  firmly  in  the 
pocket.  As  you  insert  the  flange,  flatten  the  locking 
edge  of  the  pocket,  as  shown  in  step  B  of  figure  4-18. 
After  the  flange  is  completely  seated,  flatten  the 
locking  edge  as  shown  in  step  C.  This  completes  the 
assembly  of  one  joint  of  the  rectangular  duct. 

All  of  the  other  rectangular  joints  in  the  system  in 
foldout  1  are  formed  and  assembled  in  the  same  way, 
except  joint  6  and  joint  2  of  trunkline  A.  During  the 
assembly  of  joint  6,  you  must  install  the  turn  vanes  with 
rivets  or  sheet  metal  screws.  You  attach  the  two  takeoff 
fittings  to  joint  6  by  bending  the  tabs  of  the  tapped 
connections.  The  attachment  of  joint  2,  which  is  a 
takeoff  fitting  in  trunkline  A,  is  somewhat  different 
because  only  the  top  and  bottom  have  flanges  and  tabs, 
since  the  width  of  the  plenum  is  the  same  as  that  of 
trunkline  A.  The  two  sides  of  the  takeoff  fitting  are 
formed  into  an  S-shape  similar  to  an  S-slip  instead  of  a 
flanged  tapped  connection.  When  you  attach  joint  2  to 
the  plenum,  the  S  slips  over  the  plenum  sides  and  you 
bend  the  tabs  on  the  top  and  bottom  as  with  other 
tapped  connections. 

Round  duct  joints.  Forming  and  assembling  a  round 
duct  joint  is  not  difficult.  Although  round  duct  joints 
can  be  made  with  handtools,  several  machines  can 
make  the  job  much  easier.  Squaring  shears  cut  the 
patterns,  and  the  machines  you  can  use  for  the  forming 
processes  include  a  Pittsburg  machine  for  making  the 
grooved  seams  (fig.  2-6),  a  slip  roll  machine  for 
forming  the  sheet  mto  a  cylindrical  shape,  and  a 
crimping  machine  and  beading  machine  for  making 
the  crimp  and  bead  of  a  slip-joint  connection.  The 
pattern  shown  in  figure  4-12  is  ssembled  with  a 
grooved  seam,  which  was  discussed  in  Chapter  3.  A 
Pittsburg  machine  can  be  used  to  turn  back  the  180° 
edges  of  the  grooved  seam,  as  shown  in  figure  2-6. 
Notice  that  one  edgge  of  the  pattern  must  be  turned  up 
and  the  other  edge  must  be  turned  down  so  that  they 
will  lock  when  the  piece  is  rolled  up  and  joined.  When 
the  Pittsburg  machine  is  used,  the  turned-back  edges 
will  fit  tightly  enough  so  that  you  can  lock  the  seam 
with  a  mallet  and  hollow  mandrel.  All  of  the  round 
duct  joints  in  foldout  1  are  the  same,  and  only  the 
dimensions  of  the  patterns  differ.  If  you  need  to  refresh 
your  memory  about  these  machines,  refer  to  Volume  2 
of  this  course. 

Transitions.  Forming  and  assembling  the  transition 
patterns  shown  in  figure  4-13  are  more  complex  than 
forming  and  assembling  round  or  rectangular  joints 
because  of  the  multiple  bends  required.  However,  if 
you  first  determine  the  best  sequence  for  making  the 
bends,  the  job  is  not  difficult.  Since  these  patterns  are 
not  too  large,  the  standard  1-2-3  folding  sequence  can 
be  used.  (Step  4  is  not  needed  for  this  component.) 
First,  use  the  cornice  brake  to  bend  the  metal  up  10°  i  j 
15°  along  the  cross  brake  lines  on  all  four  patterns. 

Second,  make  the  Pittsburg  seam  pockets  on  the  top 
and  bottom  patterns  with  the  Pittsburg  machine,  and 
make  the  1  /4Mnch  flanges  on  the  side  patterns  with  the 
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cornice  brake  (or  bar  folder).  By  now  you  should 
understand  why  so  much  effort  is  made  to  cut  the 
notches  correctly.  You  cannot  make  good  bends  if  you 
don't  make  the  notches  correctly.  Third,  make  the  5"^ 
bends  for  the  straight  portions  of  the  four  pieces  and 
the  1 80°  bends  for  the  drive  slip  connections.  These  can 
both  be  made  with  the  cornice  brake. 

After  you  have  formed  the  transition  patterns 
according  to  the  instructions  on  the  patterns,  you  are 
ready  to  assemble  the  four  pieces  by  fitting  and  locking 
the  Pittsburg  lock  seams  in  each  of  the  four  corners. 

Plenum  top  and  duct  ends.  You  form  the  top  for  the 
plenum  and  the  ends  for  the  three  trunklines  by  cross 
braking  and  making  the  bends  indicated  in  figure  4-14 
with  a  cornice  brake.  These  components  do  not  need  to 
be  assembled  because  they  are  in  one  piece. 

Turn  vanes.  Seventeen  turn  vanes  for  joint  6  in 
trunkline  A  are  to  be  made  from  the  pattern  shown  in 
figure  4-16.  After  you  have  done  the  cutiing  out  and 
slitting,  you  bend  each  turn  vane  to  a  radius  of  2.8  inches 
with  1  l/2-inch  straight  edges.  Then  you  bend  the  alternate 
3/4"  X  1.07"  tabs  for  90"  so  that  you  can  fasten  the  turn 
vanes  inside  the  duct  joint  somewhat  like  the  splitters 
shown  in  figure  3-5,  Rivet  or  spot  weld  each  turn  vane  to 
the  top  and  bottom  of  joint  6. 

Flexible  connection.  In  many  parts  of  the  United 
States,  flexible  connection  joint  material,  preformed  in 
lengths  of  50',  is  available  on  the  local  market.  The  24" 
X  14"  X  6"  flexible  connection  used  in  trunkline  A  is 
shown  with  detail  views  in  figure  4-5.  For  shop 
manufacture,  the  patterns  for  the  cloth  and  metal 
connector  pieces  are  shown  in  figure  4-19.  Instructions 
for  forming  and  assembling  are  included  in  this 
illustration.  As  you  can  see  in  step  A,  the  flexible  cloth 
pattern  is  77  inches  long  (including  a  1-inch  seam 
allowance)  and  6  inches  w^ide.  The  overall  dimensions 
of  the  pattern  for  the  two  metal  connector  strips  are 
3i4"  X  IIV^",  which  includes  seam  and  S-and-drive 
connection  allowances  (step  B).  The  ends  of  the  pattern 
for  the  metal  have  Pittsburg  seam  allowances.  One  side 
has  a  1/2-inch  allowance  for  S-and-drive  connections, 
and  the  other  side  has  a  I  -inch  allowance  for  the  double 
seam.  Notice  the  45°  and  90°  notches  that  make  it 
possible  to  bend  the  corners  after  you  make  the  double 
folded  seams. 

These  metal  patterns  are  small  and  do  not  require 
stiffening  along  cross  brake  lines.  Therefore,  your  first 
forming  step  is  to  make  the  pocket  for  the  Pittsburg 
lock  seam.  Next,  use  the  cornice  brake  to  make  the  90° 
flange  for  the  Pittsburg  seam  and  the  1 80°  bend  to  start 
the  double  seam.  You  start  this  double  seam,  as  shown 
in  step  C  of  figure  4-19,  by  bending  the  outside 
1/2-inch  strip  180°  along  its  76-inch  length.  Next, 
insert  the  long  side  of  the  cloth  into  the  180°  fold,  and 
flatten  the  metal  with  the  cornice  brake.  In  step  D  of 
figure  4-19,  you  use  the  cornice  brake  to  make  another 
fold  and  to  flatten  the  metal  to  secure  the  cloth  with  a 
double  seam  Repeat  these  steps  to  attach  the  other 
metal  connector  strip,  and  attach  both  connectors  with 
double  seams,  as  shown  in  step  D. 
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Your  next  step  is  to  use  the  cornice  brake  to  make 
the  corner  bends  (along  the  ellement  lines)  and  the 
1/4-inch  flange  for  the  Pittsburg  seam.  Since  the 
flexible  cloth  and  both  connector  strips  are  attached 
(step  E),  the  cornice  brake  can  make  the  90°  bends 
across  all  three  pieces.  Next,  assemble  and  lock  the 
Pittsburg  seams  on  both  of  the  metal  connector  pieces. 
Your  last  step  is  to  use  a  shop-made  hand  folder  (fig. 
4-17)  to  make  the  180°  folds  for  the  drive  slip 
connections.  This  completes  the  flexible  connection, 
which  should  now  look  like  the  drawing  in  figure  4-5. 

Exercises  (4  :5): 

i.  When  you  are  forming  metal,  what  piece  of 
equipment  should  you  use  to  make  the  first  bend  in 
the  metal? 


2.  What  machine  is  used  for  making  grooved  seams? 


3.  What  should  you  use  in  the  last  step  to  make  the 
180°   folds  for  the  drive  slip  connections? 


4-3.  Installation  of  Duct  System  Components 

After  duct  system  components  are  fabricated,  they 
are  taken  to  the  designated  site  and  installed  in  a 
building.  The  installation  procedures  include  locating 
centerlines  for  routing  the  duct;  hanging  and  joining 
duct  joints;  insulating;  and  installing  registers,  grilles, 
and  diffusers. 

446*  Describe  the  centerlines  of  a  duct  system,  Its 
hanger  requirements,  and  the  sheet  metal  specialists' 
responsibility  in  preparing  for  a  duct  system 
installation. 

Centerline  and  Duct  Routing.  You  can  determine 
the  routing  and  the  centerline  of  a  duct  system  from  the 
working  drawings  or  blueprints  of  the  system.  The 
centerline  is  an  imaginary  line  that  passes  through  the 
middle  of  all  the  duct  joints  as  the  horizontal  and 
vertical  center.  For  example,  if  you  stretch  a  chalkline 
(without  sagging)  through  trunkline  B  from  the  center 
of  the  first  18"  x  Tjoint  to  the  center  of  the  end  12^x8" 
joint,  the  chalkline  will  pass  through  the  center  of  each 
joint  and  transition.  Each  transition  is  designed  to 
maintain  the  same  centerline  ^horizontal  and  vertical). 
The  horizontal  centerline  can  be  determined  from  a 
plan  view  drawing,  and  the  vertical  centerline  can  be 
determined  from  an  elevation  view  drawing. 

In  folldout  I  you  can  see  that  the  horizontal 
centerline  of  trunklines  B  and  C  is  halfway  between  the 
walls  of  the  hallway.  If  you  take  a  rule  or  an  architect's 
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Figure  4-19.  Flexible  connection-patterns  and  assembly. 
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scale*  you  will  lind  the  contcrline  to  .  .1  inches  from 
each  side  of  the  hall.  Later  when  you  are  hanging  and 
aligning  joints  in  the  building,  you  will  use  a  chalkline 
(or  chalk  marks)  to  locate  the  horizontal  centeriine  in 
the  attic  of  the  building.  If  the  building  in  foldout  1  has 
a  pitched  roof  with  the  ridge  running  parallel  lo  the 
length  of  the  building,  you  can  use  a  plumb  line  to 
locate  the  horizontal  centeriine  because  the  centeriine 
of  trunklines  B  and  C  will  be  directly  below  the  ridge. 

S' liii  c  tut  ih  it-i  itiiiit-  Mt^'  ?  » i  i»  M K  t-iiici  liile  of  the  duct 
system  by  using  the  elevation  view  in  foldout  2,  where 
the  centeriine  of  trunkline  A  is  20  inches  above  the 
ceiling.  In  figure  4-10,  this  vertical  centeriine  is  also 
shown  going  through  the  round  duct;  notice  that  it  is  also 
20  inches  above  the  ceiling.  Although  all  of  the  duct 
joints  are  installed  with  their  centerlines  20  inches  above 
the  ceiling  in  this  system,  in  some  situations,  the  vertical 
centerlines  change.  In  either  case,  the  working  drawings 
or  blueprints  include  the  infonnation  you  need  to  locate 
the  vertical  centerlines. 

Hangers.  In  volume  2  of  this  course,  you  learned  that 
hangers  are  used  to  support  and  level  the  heating  and 
air-conditioning  ducts.  The  size  and  shape  of  the 
hangers  are  determined  by  the  size,  weight,  and 
material  of  the  duct  and  by  the  characteristics  of  the 
structure  to  support  the  duct.  Hangers  made  of  angle 
iron  are  used  for  heavy  duct  joints  that  require  extra 
support.  The  duct  joints  on  foldout  1  are  supported 
with  strap  hangers  made  of  16-gage  sheet  metal  cut  in 

1-  inch  strips  or  of  lightei  gages  (such  as  24-gage)  cut  in 

2-  inch  strips  and  folded  like  a  drive  slip  to  make  double 
thickness  1-inch  strips.  These  hangers  are  nailed  at  one 
end  to  the  rafters  or  to  other  structures  in  the  attic,  as 
shown  in  figure  4-20.  Notice  how  you  turn  the  ends  of 
the  hangers  around  the  lower  comers  of  the  duct  and 
secure  them  with  sheet  metal  screws.  Use  a  Whitney 
punch  to  make  the  holes  in  the  hangers.  Use  a  portable 
electric  drill  to  make  the  holes  of  the  duct  for  the  sheet 
metal  screws. 

Two  kinds  of  hangers  for  round  duct  are  shown  in 
figure  4-21,  These  hangers  are  made  of  16-gage 
material  1-inch  wide  or  of  a  double  thickness  of  lighter 
gage  materials.  Note  how  you  loop  each  hanger  around 
the  pipe  and  fasten  it  with  stove  bolts  instead  of  sheet 
metal  screws.  One  type  (on  the  right  in  the  illustration) 
has  a  single  strap  nailed  to  a  rafter;  and  the  other  type 
has  a  double  strap,  also  nailed  to  a  rafter. 

Planning  for  the  Installation.  Most  of  the  planning 
and  scheduling  for  the  installation  of  a  duct  system  is 
done  by  the  superintendent  and  the  shop  supervisors, 
but  you  will  be  responsible  for  taking  the  tools, 
equipment,  and  materials  you  need  to  the  job  site.  It  is 
important  to  have  everything  needed  at  the  job  site  to 
eliminate  the  lag  time  caused  by  extra  trips  back  to  the 
shop.  Most  of  the  duct  system  shown  in  foldout  1  is  in 
the  attic  of  the  building  and,  if  possible,  should  be 
installed  before  the  ceiling  is  covered.  You  can  hang 
and  align  the  duct  joints  more  rapidly  and  safely  if  you 
are  standing  on  scaffolds  than  if  you  are  working  in  the 
attic.  Some  of  the  items  that  should  be  taken  to  the  job 
site  to  install  this  duct  system  include  the  following: 
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1"  TURNED 
AROUND  CORNER 

Figure  4-20.  Strap  hungers. 


Toolkits  (one  per  man), 

1/4-inch  portable  electric  drills  and  twist  drills. 

Electrical  extension  cords  of  sufficient  length, 

Whitney  hand  punches, 

Chalklines:  and  chalk. 

Scaffolds  or  ladders. 

Fabricated  duct  joints  for  the  job. 

S-and-dri^e  slips. 

Hangers, 

Sheet  metal  screws,  nails,  and  stove  bolts. 
Insulation  and  fasteners. 

Exercises  (446): 

1.  What  is  the  centeriine  of  a  duct  system? 
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Figure  4-21 .  Hangers  for  round  duct. 
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2.  How  can  you  determine  the  vertical  ccntcrlinc? 


3.  How  are  the  size  and  shape  of  the  hangers 
determined? 


4.  What  is  your  responsibiiily  in  preparing  to  install  a 
duct  system? 


447.  Give  key  points  in  the  instaHation  of  duct  joints 
and  duct  insulation. 

Installing  Duct  Joints.  In  our  previous  discussions 
of  the  duct  system  shown  in  foldout  1,  we  have 
described  layout;  fabrication;  centerline;  duct  routing; 
and  the  tools,  equipment,  and  materials  needed  at  the 
job  site.  Now  let's  see  how  the  duct  joints  are  installed. 
If  the  heating  and  cooling  unit  is  already  installed  when 
you  get  to  the  job,  you  must  install  the  plenum  first.  If 
the  heatlag  and  cooling  unit  is  not  yet  installed ,  the  first 
joint  to  install  is  the  flexible  connection  (joint  3)  of 
trunkline  A,  Remember  that,  in  this  example,  the  rec- 
tangular joints  are  connected  with  S-and-drive  slips, 
the  round  duct  joints  are  connected  with  slip  joint 
connections,  the  rectangular  takeoff  fittings  are 
connected  with  tapped  connections,  and  the  round 
duct  takeoff  fittings  are  connected  with  dovetail  seams. 

The  supply  plenum,  as  you  can  see  in  foldout  2,  rests 
on  top  of  the  cooling  coils.  The  coils  are  in  a  housing 
with  a  1-inch  turned-up  flange  over  which  the  24" x  24" 
plenum  fits.  Sheet  metal  screws  are  used  to  fasten  the 
plenum  to  the  flange.  Before  you  install  the  plenum  top 
cover,  you  should  install  the  takeoff  fitting  (joint  2  in 
fig.  4-2).  (This  takeoff  fitting  is  usually  installed  at  the 
sheet  metal  shop  before  it  is  delivered  to  the  job  site.) 
The  takeoff  fitting  is  attached  to  a  14"  x  24"  side  opening 
in  the  plenum.  The  tabs  along  the  top  and  bottom  edges 
of  this  takeoff  fitting  are  bent  like  those  shown  in  figure 
2-18.  However,  the  sides  are  not  bent  because,  when  this 
takeoff  fitting  was  fabricated,  the  forming  of  the  sides 
was  slightly  different  from  the  forming  of  a  regular 
tapped  connection.  These  sides  are  S-shaped  to  fit  over 
the  plenum  like  3-siips,  With  the  takeoff  fitting  installed 
on  the  plenum,  this  S-connection  makes  a  tight  fit  for  the 
sides  and  the  tabs  along  the  top  and  bottom  hold  the 
fitting  to  the  plenum.  You  do  not  need  to  support  the 
takeoff  fitting  with  hangers  because  it  is  firmly  attached 
to  the  f  lenuin. 

The  flexible  coriiicctor  (joint  3)  is  attached  to  the 
takeoff  fitting  and  to  joint  4  with  S~and-<irive  slips,  as 
shown  in  figure  2-17.  It  is  a  good  idea  to  install  hangers 
on  the  joint  4  side  of  the  flexible  connector  to  prevent 
tearing  the  flexible  cloth  when  you  connect  joint  4,  The 
alignment  of  trunkline  A  begins  with  these  first  two 


hangers,  which  must  be  installed  so  that  the  duct  is  on 
the  centerlines. 

You  can  connect  joints  4  and  5  with  S-and-drive  slips 
before  hanging  ana  connecting  them  to  the  flexible 
connection.  Remember,  you  have  a  vertical  and  a 
horizontal  centerline  to  maintain.  You  can  use  a 
chalklinc  to  locate  the  horizontal  ccnterlint  of 
trunkline  A,  which  will  be  ea^y  to  follow.  As  you  install 
each  joint,  make  sure  that  the  points  of  intersection  of 
the  cross  brake  lines  are  directly  over  the  chalkline. 
Suspend  the  hangers  from  the  rafters  so  that  the 
vertical  centerHne  of  the  duct  is  20  inches  above  the 
ceiling.  Attach  the  first  hangers  (in  fig.  4-2)  to  the  joint  4 
end  of  joint  3.  Install  the  remaining  hangers  on  48-inch 
centers  (or  less).  When  you  are  securing  the  hangers  to 
the  duct  with  sheet  metal  screws,  be  sure  to  punch  (or 
drill)  holes  in  the  hangers  so  that  they  are  larger  than  the 
screws. 

The  remaining  rectangular  joints  of  trunklines  A,  B, 
and  C  are  joined,  aUgned,  and  hung  in  the  same 
manner  as  joints  4  and  5.  But,  install  the  turn  vanes  and 
the  two  takeoff  fittings  in  joint  6  before  hanging  it. 
Install  the  top  for  the  plenum  and  the  ends  of  the  three 
trunklines  as  shown  in  figure  4-15. 

You  install  the  branch  lines  after  you  have  installed 
the  trunklines.  Begin  by  attaching  the  round  takeoff 
fittings  to  the  trunkUnes  by  bending  the  tabs  of  the 
dovetail  seams.  Hang  the  other  joints  of  the  branch 
lines  by  connecting  the  slip  joints  and  fastening  them 
with  three  sheet  metal  screws  at  each  joint  connection. 
These  joints  are  supported  on  48-inch  centers  (or  less). 
The  branch  lines  continue  on  the  centerlines  that  are  14 
inches  above  the  ceiling  joints  and  follow  the 
horizontal  centerlines  (chalklines).  Figure  4-10  shows  a 
6-inch  branch  line  with  the  centerline  20  inches  above 
the  ceiling. 

If  the  ceiling  has  not  been  installed,  place  the  ends  of 
the  drop  joints  so  that  they  will  be  flush  with  the  ceiUng 
when  it  is  installed.  If  the  ceiling  has  already  been 
installed,  cut  a  hole  and  install  the  drop  joint  withh  a 
flush  fit.  In  either  case,  the  outlets  should  be  in  the 
location  designated  by  the  working  drawing  or  blue- 
print. 

Duct  Insulation.  The  ducts  must  be  insulated  before 
or  after  they  are  installed.  You  install  the  insulation 
either  inside  or  outside  the  duct  depending  on  the  type 
of  insulation  you  are  using.  To  install  insulation  inside 
a  duct,  use  a  type  of  duct  liner  that  will  not  pick  up 
odors  or  erode  under  high  air  velocities.  This  type  of 
insulation  is  attached  to  the  inside  of  the  duct  sections 
by  adhesives.  When  and  where  to  install  this 
insulation?  The  best  time  and  place  is  in  the  shop  when 
there  are  enough  sections  ready  for  insulation  so  that 
two  or  three  workers  can  keep  working  a  reasonable 
length  of  time.  Most  workers  don*t  like  to  jump  from 
one  job  to  another,  so  do  the  insulating  with  as  fewjob 
changes  as  practical. 

To  insulate  the  outside  of  a  duct  system,  the  duct 
must  be  installed  first.  Since  the  insulating  is  to  be  done 
on  the  job,  it  is  recommended  that  three  workers  do  the 
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job  together,  one  cutting  and  two  installing.  To  install 
the  insulation  on  the  outside  of  a  duct,  you  must  first 
decide  how  to  attach  it  to  the  duct.  You  can  wrap  it  and 
tie  it  with  wire,  you  can  glue  it  on,  or  you  can  use  pin 
weld  fasteners.  Look  more  closely  at  each  choice. 
Remember  that  an  insulation  with  an  outside  cover  or 
backing  that  forms  a  vapor  barrier  is  recommended, 
and  consider  the  manufacturer's  recommendations. 

When  you  are  wrapping  insulation,  do  not  make  it 
too  tight  because  the  material  insulates  better  if  it  is  not 
compressed.  Also,  if  you  wrap  it  too  tightly,  the 
standing  edges  of  the  S-slips  can  punch  through  the  foil 
and  insulation.  Be  sure  to  cover  the  entire  surface  of  the 
duct;  any  exposed  portion  will  be  subject  to 
condensation  when  the  air-con  litioning  system  is  in 
operation.  You  can  w  rap  irregularities  in  the  duct,  such 
as  transitions,  by  shaping  or  cutting  the  foil-backed 
msulation  to  fit  the  joint,  and  folding  the  excess 
material.  The  foil  makes  the  insulation  easy  to  form, 
since  it  retains  almost  any  desired  shape.  Tape  alljoints 
and  scams  to  insure  a  complete  vapor  barrier. 

The  remaining  trunklines  and  branch  lines  are 
insulated  in  the  same  manner  as  trunkline  A,  except  for 
the  dimensions  of  the  insulation  pieces.  The  12"  x  8" 
sections  of  trunklines  B  and  C  can  each  be  wrapped 
with  one  long  piece.  Apply  the  insulation  for  the 
elbows  carefuHy  because  of  the  90°  turn.  If  the 
insulation  is  cut  to  cover  only  the  elbow,  it  can  be 
creased  across  the  throat  radius  to  make  a  good  wrap. 
The  insulation  around  the  straight  joints  can  lap  the 
elbow  insulation  to  make  a  good  fit.  Use  tape  to  secure 
the  blanket  where  the  piecjs  join. 

Blanket-type,  foil-backed  insulation  is  available  in 
thicknesses  from  1/2"  to  2\  in  widths  from  24"  to  48", 
and  in  rolls  100'  long.  To  install  blanket-type 
insulation  with  glue  (adhesive),  you  first  cut  the 
insulation  to  the  proper  size  and  then  apply  the 
adhesive  to  the  duct.  Next,  carefully  place  the 
insulation  around  the  duct  and  make  sure  you  get  it  in 
the  proper  place  the  first  time.  If  you  have  to  move  the 
insulation,  it  may  pull  apart  before  the  glue  lets  go. 
After  the  insulation  is  in  place,  use  pressure-sensitive 
duct  tape  and  seal  all  of  the  joints. 

To  install  blanket-type  insulation  with  pin  weld 
fasteners,  start  cutting  the  insulation  to  the  proper  size 
and  then  install  it  over  the  pins.  Be  careful  not  to  jab  a 
pin  into  your  hand  when  you  ppush  the  insulation  over 
the  pin  and  install  the  retainer  clips  over  the  pins.  Tape 
the  joints  as  previously  advised. 

To  install  blanket-type  insulation  with  the  wire  tie 
method,  the  cutting  and  installing  are  about  the  same. 
The  only  difference  is  in  the  way  the  insulation  is 
secured  to  the  duct.  After  you  have  installed  the 
insulation  and  taped  the  joints,  use  20-gage  wire  and 
wrap  or  tie  it  around  the  duct  as  needed  to  hold  the 
insulation  firmly  in  place.  Twist  the  ends  of  the  wire 
together  and  bend  them  Hat  so  that  they  will  not  pierce 
the  insulation. 


Exercises  (447): 

1.  What  should  you  install  first  if  the  heating  and 
cooling  unit  is  already  installed? 


2.  What  type  of  fastener  is  used  to  install  the  plenum  to 
the  flange  of  lae  unit? 


.  What  should  you  use  to  locate  the  horizontal  trunk 

ccntcrlinc? 


4.  How  should  you  attach  insulation  to  the  inside  of 
duct  sections? 


5.  Why  must  all  joints  and  seams  of  insulation  be 
taped? 


448.  Describe  some  of  the  final  steps  in  the 
installation  of  a  duct  system. 

Instaliing  Registers,  Grilles,  and  DifTusers.  In  the 

final  steps  of  a  duct  installation  job,  you  install  the 
registers,  grilles,  and  diffusers.  You  may  install  these 
components  after  you  hang  the  joints.  They  are  usually 
not  installed  until  after  the  painting  and  wall  finishing 
IS  completed.  Registers,  grilles,  and  diffusers  are  often 
purchased  factory-made  and  unpainted.  Since  they 
may  need  to  be  painted  to  match  the  color  of  the  walls, 
you  should  make  arrangements  with  the  paint  shop  to 
do  this  before  you  install  them.  If  the  items  are 
spray-painted  in  the  paint  shop,  they  will  have  a  better 
appearance  than  if  they  are  painted  at  the  job  site. 
Coordinate  with  the  carpenters  to  insure  that  the 
openings  are  the  correct  size  and  at  the  correct 
locations. 

Installing  registers.  The  duct  system  we  have  been 
describing  has  one  register,  the  18"  x  36"  return  air 
register  shown  in  the  return  air  duct  (return  air  and 
outside  air  plenum)  in  foldout  2.  This  return  air  register 
differs  from  the  supply  register  with  adjustable  louvers, 
shown  in  figure  3-13.  The  18"  x  36"  return  air  register 
(foldout  2)  has  fixed  louvers  very  much  like  those  in 
return  air  grilles.  (You  will  find  that  return  air  registers 
with  fixed  louvers  are  also  called  return  air  grilles  by 
some  manufacturers.)  The  return  air  register  to  be 
installed  in  the  return  air  duct  has  fixed  louvers  with  a 
35°  down  deflection;  from  the  front  side,  it  looks  like 
view  B  in  figure  3-14,  but  the  louvers  are  flat  instead  of 
V-shaped.  The  face  frame  has  screw  holes  and  you 
install  it  with  screws  that  attach  to  the  wood  frame, 
which  is  a  pi^rt  of  the  wall.  Because  of  this  wood  frame, 
90°  flanges  at  the  end  of  the  duct  are  not  needed. 
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Installing  grilles.  Grilles  are  installed  as  we 
explained  in  Chapter  3  and  illustrated  in  figure  3-14  of 
this  text.  Our  explanation  did  not  include  how  you  are  to 
determine  the  location  of  the  holes  for  the  grilles. 
Location  information  is  usually  given  on  the  working 
drawings  or  blueprints  and  shows  the  vertical  and 
horizontal  location.  In  some  cases,  you  may  need  to 
make  minor  changes  in  the  location  of  the  door  grilles  if 
panel  doors  are  used  instead  of  hollow  core  doors.  In 
panel  doors,  the  opening  for  the  grilles  should  be  made 
in  the  panel  nearest  the  floor  rather  than  at  the  usual  6 
inches  above  the  bottom  of  the  door.  If  the  grilles  must 
match  the  color  of  the  rooms,  they  should  be  sent  to  the 
paint  shop  before  installation.  To  install  grilles  in  metal 
doors,  the  pixxedure  is  the  same  as  thai  shown  in  figure 
3-14  except  that  you  use  sheet  metal  screws. 

The  return  air  grilles  for  the  walls  in  rooms  2,3,5, 
6,9,10,11,  and  12infoldout  1  are  boxed  in  (framed)  by 
the  carpenters  and  are  located  at  floor  level  between 
the  wall  studs,  which  are  on  16-inch  centers.  Use  screws 
to  install  the  front  and  back  frames,  as  shown  in  figure 
3-14,  Install  the  door  grilles  in  rooms  1,  7,  8,  13,  and 
latrine  in  essentially  the  same  way  as  shown  in  figure  3- 
14,  They  must  be  6  inches  above  the  bottom  of  the 
hollow  core  doors. 

Installing  diffusers.  Figure  3-12  shows  a  typical 
diffuser  and  damper  assemblly  used  at  the  supply 
outlets  of  round  ducts.  These  are  factory-made  units 
and  should  be  painted  to  match  the  room  before 
installation.  They  are  easily  installed  if  the  round  duct 
ends  are  flush  with  the  ceiling.  Like  the  installation  of 
registers,  and  grilles,  installing  diffusers  is  one  of  the 
last  jobs  in  the  installation  of  a  complete  duct  system. 
Fit  the  damper  assembly  (B,  fig,  3-12)  into  the  round 
duct  and  mark  the  location  of  the  screw  holes.  After  you 
drill  the  holes  in  the  round  duct,  attach  the  damper 
assembly  with  sheet  metal  screws.  Next,  attach  the 
diffuser  (C,  fig.  3-12)  to  the  damper  assembly  with 
countersunk  ovalhead  sheet  metal  screws  that  come  with 
the  units.  After  tightening  the  screws,  adjust  the  damper 
blades  to  the  approximate  position  shown  in  figure  3-12, 
The  diffusers  in  foldout  1  are  like  the  one  shown  in 
figure  2-12,  except  that  some  are  for  a  6-inch  duct  and 
some  are  for  an  8-inch  duct. 


Exercises  (448): 

1.  What  are  the  final  steps  in  completing  a  duct 
installation? 


2.  With  what  other  shops  must  you  coordinate  as  you 
complete  your  installation  and  why? 


449.  Given  specific  duct  system  repair  problems, 
state  the  correct  action  to  take. 

Repair  of  Duct  System  Components.  You  will  find 
that  very  little  repair  is  needed  in  most  duct  systems. 
Some  duct  systems  have  been  in  buildings  for  many 
years  and  are  just  as  good  as  they  were  when  they  were 
installed.  There  are  occasions,  however,  when  portions 
of  ducts  may  need  to  be  repaired  or  replaced.  The  joints 
in  an  air  conditioning  duct  with  its  insulation  removed 
or  torn  may  contain  holes  caused  by  condensation  and 
rust.  The  exhaust  duct  system  in  the  plating  shop  may 
need  repair  or  replacement  because  of  the  corrosive 
action  of  the  acid  fumes.  A  portion  of  a  building 
damaged  by  fire  may  need  duct  repair  or  partial 
replacement.  Other  repair  jobs  are  as  simple  as 
covering  (patching)  a  hole  in  a  duct. 

Patching.  Patching  is  usually  done  on  small  repair 
jobs  that  do  not  require  the  replacement  of  whole  joints 
or  sections  of  a  duct.  For  example,  suppose  you  must 
cover  a  hole  in  a  26-gage  duct  joint  because  a  6-inch 
branch  line  has  been  removed.  You  make  a  patch  from 
26-gage  metal  (same  kind  as  the  duct)  to  cover  the  hole. 
The  patch  must  be  large  enough  to  cover  the  hole  plus 
the  amount  needed  for  the  seam.  From  your  study  of 
Chnpter  2,  you  know  that  a  riveted  lap  seam  is 
satisfactory  for  fastening  the  patch  over  the  hole. 
Remember  that,  when  you  are  using  rivets  with  lap 
seams,  the  allowance  is  1  /  4-inch  from  the  center  of  the 
rivets  to  each  edge  of  the  metal.  Therefore,  for  a 
1/4-inch  lap  seam,  you  need  a  1/2-inch  allowance  on 
the  circular  (disc)  patch.  The  rivet  holes  should  be 
1/4-inch  from  the  outside  edge  of  the  patch,  and 
spaced  2  inches  apart.  If  you  need  a  square  or 
rectangular  patch  to  cover  a  square  or  rectangular 
hole,  the  allowance  and  rivet  spacing  is  the  same  as  for 
round  patches.  When  you  must  use  heavier  ga^^es  of 
metaU  your  lap  seam  allowance  should  be  in 
accordance  with  the  information  in  Chapter  2,  and  the 
rivet  spacing  and  "ize  should  be  in  accordance  with 
Volume  2  of  this  course. 

In  the  preceding  example,  you  must  have  access  to 
both  sides  of  the  hole  to  attach  the  patch  with  rivets.  If 
the  duct  is  assembled  and  you  cannot  reach  behind  the 
hole  with  a  hand  dolly,  you  will  have  to  attach  the 
patch  with  sheet  metal  screws.  Using  sheet  metal 
screws  does  not  change  the  requirements  for  the  size  of 
the  patch  or  the  spacing  of  the  holes,  but  the  holes 
punched  in  the  patch  must  be  larger  than  the  screws. 
Use  these  holes  in  the  patch  to  locate  and  mark  the 
spots  to  drill  in  the  duct  for  the  screw  holes.  You  can 
find  the  correct  size  of  the  sheet  metal  screws  and  holes 
from  charts,  such  as  those  discussed  in  Volume  2. 

Exercises  (449): 

1.  What  allowance  is  needed  for  a  i /4-inch  lap  seam 
on  a  circular  patch? 
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2.  On  a  riveted  lap  joint,  what  is  the  ccnterline  for  the       3.  When  do  you  use  sheet  metal  screws  instead  of  solid 
rivet  holes,  and  what  should  be  the  distance  between  rivets  when  applying  a  patch? 

the  rivets? 
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CHAPTER  5 


Stacks  and  Ventilators 


THIS  CHAPTER  deals  with  the  fabrication, 
installation,  and  repair  of  stacks  and  ventilators  and 
the  ef  ^  of  wind  on  their  efficiency.  Stacks  exhaust 
heated  gases  from  stoves,  furnaces,  and  hot  water 
heaters;  and  ventilators  remove  hot  air  and  exhaust 
harmful  and  unpleasant  fumes. 

You  will  repair  and  replace  stacks  and  ventilators 
more  frequently  than  duct  system  components  because 
they  are  installed  on  the  outside  of  buildings  and  are 
exposed  to  moisture,  temperature  changes,  and  wind 
In  addition  to  corrosion  and  damage  from  the  weather, 
stacks  and  ventilators  are  subject  to  deterioration  from 
the  heat,  moisture,  and  corrosive  vapors  that  they 
exhaust. 

The  knowledge  and  skills  you  have  already  gained 
will  be  useful  when  you  are  working  with  stacks  and 
ventilators  because  their  layout,  fabrication,  and 
assembly  are  similar  to  those  of  other  round  duct 
components.  The  main  exceptions  are  the  fire  safety 
precautions  that  you  must  take  with  stacks  that  carry 
heated  gases  from  stoves  and  furnaces. 

5-1.  Stacks  and  Ventilators  and  Associated 
Components 

Stacks  and  ventilators  are  affected  by  many 
conditions.  By  understanding  the  conditions  that 
affect  stacks  and  vents,  you  can  understand  why  they 
are  built  as  they  are. 

450.  Characterize  the  effect  of  temperature  and  wind 
on  stacks  and  ventilators. 

Stacks  and  Ventilators.  Stacks  and  roof  ventilators 
should  be  located  above  the  roofs  of  buildings  so  that 
the  natural  updraft  will  receive  maximum  assistance 
from  the  suction  areas  caused  by  the  wind.  Natural 
updraft  is  a  characteristic  of  heated  air  that  makes  it 
flow  upward  through  a  stack  or  ventilator  when  the 
inside  temperature  is  higher  than  the  outside 
temperatu-e.  Heated  air  from  a  furnace  will  flow 
upward  through  a  vertical  stack  because  the 
temperature  at  the  top  of  the  stack  is  lower  than  at  the 
bottom  of  the  stack.  The  same  principle  applies  to  a 
ventilator,  although  the  temperature  difference  is  not 
as  great.  Wind  is  also  a  natural  force  and  assists  or 
increases  the  natural  updraft,  though  its  effect  varies 
from  time  to  time  because  of  the  variation  in  its 
direction  and  velocity. 


Figure  5-1  shows  the  airflow  over  a  building.  The 
area  of  greatest  suction  on  top  of  the  building  is  at 
point  B,  which  is  located  near  the  upwind  edge  where 
the  wind  is  forced  upward.  If  possible,  the  outlet  of  a 
stack  or  ventilator  should  be  located  in  this  suction 
area.  At  the  end  of  area  A  in  figure  5-1,  the  wind  is 
flowing  downward  and  tends  to  flow  into  a  stack  or 
ventilator  located  there    To  prevent  this  unfavorable 
condition,  the  stack  should  be  located  in  a  more 
favorable  position  or  raised  to  a  point  where  the  wind 
flows  straight  across  the  opening.  A  stack  or  ventilator 
located  at  point  B  will  have  the  greatest  suction  from  the 
wind.   Second  best  is  any  location  where  the  wind  is 
flowing  straight  across  the  roof.  The  least  desirable 
location  is  at  the  end  of  area  A,  where  the  air  is  turbulent 
and  flowing  downward.  In  all  cases,  the  opening  of  the 
stack  or  ventilator  should  be  ^bove  the  highest  part  of  the 
roof  in  order  to  take  advantage  of  the  wind  from  any 
direction.  The  downwind  side  of  a  building  (C,  fig.  5-1) 
is  also  a  low-pressure  area.  The  upwind  side  is  a  high- 
pressure  area. 

The  location  and  height  of  the  ventilators  are  given 
on  heating  and  ventilation  blueprints  or  working 
drawings.  For  example,  foldout  1  in  this  text  shows  the 
location  of  the  furnace  flue  (stack),  and  foldout  2 
shows  the  height  and  details  of  its  construction.  Notice 
that  the  flue  is  30  inches  high.  Normally,  it  will  not  be 
your  responsibility  to  determine  the  location  or  height 
of  the  stacks  and  ventilators;  but  since  you  will  be 
replacing  them  from  time  to  time,  your  replacements 
should  have  the  correct  height.  Usually,  the  size  of  the 
replacement  is  the  same  as  the  original,  but  if  you 
auspect  that  the  old  one  is  not  correct,  consuls  your 
supervisor  before  making  the  replacement. 


PREVAILING  WIND 


Figure  5-1 .  Airflow  over  a  building. 
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Exercises  (450): 


1.  Name  the  two  forces  that  make  heated  air  (gases) 
flow  upward  through  a  ventilator. 


2.  Give  the  best  location  for  a  ventilator  on  a  roof. 


3.  What  is  a  good  rule  to  follow  when  you  arc  deciding 
how  high  a  stack  or  ventilator  should  be? 


451.  Describe  the  construction  and  use  of  double-wall 
stacks  and  selected  stack  components. 

Stacks  arc  sometimes  called  by  other  names,  such  as 
heating  vents,  vertical  flues,  and  chimneys.  In  this  text, 
the  term  "stack*'  means  the  sheet  metal  round  duct 
(pipe)  used  to  exhaust  hot  gases  from  stoves,  furnaces, 
and  hot  water  heati  .  By  "associated  components,'' 
we  mean  the  items  used  with  stacks,  such  as  draft 
diverters,  thimbles,  roof  jacks,  storm  collars,  and  vent 
caps.  Figure  5-2  shows  a  typical  stack  and  its  associated 
components.  Note  the  names  of  the  components  in  the 
illustration. 

Single-Wall  Stacks.  Single-wall  stacks,  as  the  name 
suggests,  have  only  one  wall.  The  single-wall  stack 
shown  in  figure  5-2  has  joints  of  round  pipe,  like  those 
shown  in  figure  2-24.  The  fabrication  of  the  joints  in 
single  wall  stntks  is  the  same  as  described  previously. 
The  fabricat  a  of  the  associated  components  will  be 
discussed  later  in  this  chapter.  The  joints  in  the  single- 
wall  stack  are  available  in  straight  pipe,  elbows,  and  tee 
joints. 

Double-Wall  Stacks.  A  double-wall  stack  (pipe) 
consists  of  one  single-wall  joint  installed  inside  another 
with  approximately  1  /  2  inch  of  airspace  between.  This 
airspace,  which  you  can  see  at  the  ends  of  several  joints 
in  figure  5-3,  acts  as  insulation  and  prevents  the  outer 
wall  from  overheating.  The  inner  wall  is  usually  made 
of  aluminum,  and  the  outer  wall  may  be  made  of 
aluminum  or  galvanized  iron.  Double-wall  stacks  are 
used  to  vent  gas-fired  heaters,  furnaces,  and  water 
heaters.  The  aluminum  inner  wal'  resists  corrosion, 
and  the  airspace  prevents  condensatioiK  Therefore, 
double-wall  stacks  have  a  longer  life  than  stacks  of 
single  wall  construction. 

Double-wall  stacks  can  be  fabricated  in  theshop  but 
are  usually  purchased  as  factory-made  items.  In  figure 
5-3  you  can  see  that  a  locking  slip  joint  is  used  instead  of 
the  conventional  crimped  slip  joint  used  with  single-wall 
pipe.  Most  manufacturers  have  their  own  patented  type 
of  joint  connection  for  double-wall  pipe.  When  you  are 
ordering  double-wall  pipe,  be  sure  to  order  the 
appropriate  type  so  that  the  joints  can  be  connected. 
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Figure  5-2.  Single-wall  stack  and  assDciaicd  tt^'iiponcnts 
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The  joints  of  double-wall  stacks  (pipe)  can  be 
purchased  in  various  shapes,  diameters,  and  lengths. 
Some  of  the  shapes,  available  in  various  sizes,  are 
shown  in  figure  5-3.  The  round  joints  available  in 
diameters  (of  the  inside  pie)  from  3  to  1-  iches  aiid  in 
lengths  from  6  to  60  inches.  For  in-bet\^  :n  lengths,  the 
adjustable  length  straight  joint  is  used.  !  s  similai  to  the 
ordinary  straight  joint  and  is  made  in  iwo  sections  that 
telescope  to  make  any  combination  of  length.  The  tee 
joints  in  figure  5-3  are  straight  joints  with  a  branch 
attached. 

Draft  Diverters.  Draft  diverters  are  used  with  the 
vent  stacks  for  heaters  and  furnaces  and  are  available 
in  various  sizes  and  types.  These  devices  prevent 
excessive  updrafts  or  downdrafts  in  the  vent  stacks. 
The  draft  diverter  shown  in  view  A  of  figure  5-4  has  no 
movable  parts  and  consists  of  the  frustum  of  a  cone  with 
collars  attached  at  each  end  to  act  as  slip  joint 
connections.  The  clips  center  the  bottom  of  the  cone  so 
that  there  is  an  equal  airspace  all  around  the  lower  collar. 
The  lower  collar  is  the  same  size  as  the  vent  outlet  on  the 
heating  unit  and  is  installed  as  the  first  joint  in  a  stack. 
The  upper  collar  is  the  same  size  as  the  stack. 

The  double-acting  draft  diverter,  shown  in  view  B  of 
figure  5-4,  is  another  type  of  damper  used  for  gas  fired 
furnaces.  It  is  installed  horizontally  as  a  tee,  off  one  of 
the  joints  of  a  stack  close  to  the  heating  unit.  Notice  its 
hinge  which  allows  the  blade  to  swing  in  to  dampen 
updrafts  and  to  swing  out  to  dampen  downdrafts.  The 
blade  has  an  adjustable  knob  for  balancing  the  blad^. 
Always  install  the  hinge  on  the  blade  parallel  to  the 
floor. 

The  single-acting  draft  diverter,  shown  in  view  C  of 
figure  5-4,  is  used  for  oil-fired  furnaces.  The  blade  on 
this  type  swings  inward  only.  This  draft  diverter  is  also 
installed  horizontally  to  the  floor  as  a  tee,  off  a 
horizontal  or  vertical  joint  of  a  stack  close  to  the  heating 
unit.  The  single-acting  and  double-acting  draft  diverters 
are  used  with  stacks  that  are  7  to  10  inches  in  diameter. 


Wall  Thimbles.  Wall  thimbles  are  a  safety  feature  in 
the  stack  assembly.  They  are  constructed  in  such  a  way 
that  air  can  circulate  between  the  stack  and  the  wall. 

The  shop-made,  double-wall  thimble,  shown  in 
figure  5-5,  is  often  used  in  ceilings  as  well  as  in  walls. 
To  fabricate  this  type  of  thimble,  make  a  length  of  stack 
and  an  outside  piece  (shown  in  fig,  5-5)  which  is  4 
inches  shorter  than  the  inside  wail.  This  accommodates 
the  P/2-inch  slip  joints  and  allows  a  smooth  joint 
connection.  After  you  have  made  thimble  parts  A  and  B, 
join  them  with  the  Z-clips  shown  in  figure  5-5.  The  Z- 
shaped  clips  are  2-inch  wide  with  1-inch  spaces  on  each 
end  to  which  you  rivet  the  inside  and  outside  parts  of  the 
thimble.  You  can  assemble  the  thimble  more  easily  if 
you  rivet  the  Z-clips  to  the  outside  piece  first. 

Roof  Jacks.  A  roof  jack,  like  the  one  shown  in  figure 
5-6,  is  the  part  of  a  vent  system  that  is  attached  to  the 
roof  to  weatherproof  the  opening  through  which  the 
stack  passes.   Roof  jacks   may  be  fabricated  or 
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Figure  5-4.  Three  types  of  draft  diverters. 
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purchased  "ready  made"  for  different  sizes  of  vent 
stacks  and  roofs  of  a  different  pitch.  (The  roof  jack  in 
foldout  2  is  for  a  flat  roof,)  The  dimensions  for  roof 
jacks  are  shown  on  the  drawings,  or  if  you  are  replacing 
one,  you  can  take  the  dimensions  from  the  old  roof 
jack.  As  you  can  see  in  figure  5-6,  the  base  of  the  roof 
jack  acts  as  a  flashing  and  secures  the  jack  to  the  roof 
deck. 

Storm  Collars.  A  storm  collar  is  the  part  of  a  stack 
assembly  that  prevents  leaks  around  the  top  of  a  roof 
jack.  Storm  collars  used  on  double-wall  vent  pipe  are 
usually  purchased  as  **ready-made"  items,  but  storm 
collars  for  single-wall  vent  pipe  are  usually  fabricated 
in  the  shop.  To  make  a  storm  collar,  obtain  the  correct 
dimensions  from  a  drawing,  or  the  old  collar.  Using  the 
proper  dimensions,  make  piece  A,  as  shown  in  figure 
5-6,  with  a  slight  taper  so  that  the  top  stack  will  fit  over 
it;  then  turn  a  flange  about  3/8-inch  wide  on  the 
bottom  at  the  angle  of  the  collar.  Next,  make  piece  B 
and  join  A  and  B  to  make  C  (fig.  5-6),  Spot-weld  or 
rivet  the  joint  and  then  solder  it  to  prevent  leakage. 

Now  you  can  install  the  collar  as  shown  in  view  D  of 
figure  5-6,  With  the  thimble  installed  on  the  roof  jack, 
the  top  of  the  outside  piece  of  the  thimble  should  fit 
flush  with  the  top  of  the  roof  jack.  The  storm  collar 
should  completely  cover  the  top  of  the  thimble  opening 
to  prevent  rain  from  blowing  in  through  the  airspace. 
In  view  D  of  figure  5-6,  you  can  see  that  the  vent  stack 
above  the  roof  is  installed  through  the  storm  collar 
with  a  tight  fit  to  prevent  rain  from  entering.  Each 
component  is  installed  over  the  part  below  it  to 
completely  cover  the  seams  in  the  assembly. 

Vent  Caps.  Vent  caps  are  installed  at  the  outlet  end 
(top)  of  a  stack  vent.  Several  different  types  are  used  on 
heating  equipment  stacks,  five  of  which  are  shown  in 
figure  5-7,  Vent  caps  A  and  B  are  usually  purchased 
"ready  made''  and  are  used  with  double-wall  stacks. 
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Figure  5-5.  Sf.op-made  double-wall  thimble. 
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Figure  5-6.  Storm  collar,  rcxjf  jack  and  double-wall  thimble. 
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Vent  caps  C,  D,  and  E  can  be  purchased  or  fabricated 
in  the  shop  and  are  used  with  single-wall  stacks.  The 
vent  cap  illus  trated  in  view  A  is  often  referred  to  as  a 
Belmont  cap.  Vent  cap  C  is  better  known  as  an  A  cap 
because  of  its  shape.  Vent  cap  E  is  sometimes  called  a 
china  cap  because  of  its  shape  and  the  opening  all 
around  the  top.  Vent  caps  B  and  D  are  called  rainproof 
or  draftproof  caps. 

The  type  of  stack  used  for  each  installation  is 
specified  on  the  working  drawing.  In  foldout  2,  you 
will  note  that  a  weatherproof  downdraft  diverter  is 
specified.  Therefore,  a  vent  cap  like  the  one  shown  in 
view  D  of  figure  5-7  is  required  for  the  installation. 

Exercises  (451): 

1,  How  are  double-wall  stacks  usually  constructed? 


2,  Where  are  double-wall  stacks  usually  used? 


3,  What  is  the  purpose  of  a  draft  diverter? 


4.  What  is  the  purpose  of  a  roof  jack? 


5-2.  Repair,   Fabrication,  and  Installation  of 
Stacks  and  Associated  Components 

As  we  have  already  pointed  out,  stacks  are  subject  to 
corrosion  from  heat,  moisture,  and  fumes  and  to 
damage  from  wind.  Most  of  the  repairs  you  will  make 
are  the  replacement  of  parts  or  the  complete  stack 
assembly.  If  a  stack,  collar,  vent  cap,  or  roof  jack  is 
corroded  (rusted  out),  it  needs  to  be  replaced.  Visually 
examine  the  assembly  to  determine  which  parts  need 
replacement.  If  you  find  that  a  stack  is  badly  corroded, 
probably  the  collar  and  vent  cap  are  also  defective.  In 
any  event,  you  must  replace  all  damaged  sections  of  the 
assembly.  To  fabricate  a  stack  assembly  (such  as  the 
one  illustrated  in  foldout  2)  or  any  of  its  components, 
make  the  patterns  and  cut,  form,  and  assemble  the 
pieces. 

452.  List  the  shop-made  parts  and  the  ready-made 
parts  of  a  stack  assembly,  and  state  the  layout  method 
used  In  making  a  roof  Jack. 

From  the  drawing  in  foldout  2,  you  find  that  double 
wall  aluminum  vent  pipe  is  specified  from  the  furnace 
stack  outlet  to  the  top  of  the  roof  jack.  The  working 
drawing  also  specifies  24-gage  galvanized  metal  for  the 
roof  jack,  upper  stack,  and  vent  cap,  and  the  thimble  is 
made  from  20-gage  galvanized  sheet  metal.  For  repair 


Figure  5-7.  Vent  caps. 
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jobs,  use  the  old  assembly  to  determine  the  metal 
thickness. 

After  you  know  the  material  specifications,  you  need 
to  know  the  length  and  size  of  the  double-wall  stack. 
For  this  example,  assume  that  the  vent  outlet  on  the 
heating  unit  is  6  inches  in  diameter  and  6  feet  from  the 
top  of  the  heater  stack  outlet  to  the  top  of  the  roof  jack. 
With  these  requirements  in  mind,  you  can  see  that  two 
3-foot  joints  of  6-inch  double-wall  stack  should  be 
purchased. 

Making  Patterns  for  Stacks  and  Associated 
Components.  The  vent  stack  shown  in  foldout  2  must 
be  fabricated  and  installed.  The  assembly  is  similar  to 
the  one  shown  in  figure  5-2,  except  that  you  need  a 
conical-shaped  roofjack  for  the  flat  roof.  The  roof  jack  is 
10  inches  high,  and  6-inch  flashing  is  needed  for  the 
base;  the  sides  of  the  roof  jack  are  designed  for  a  60° 
angle. 

Pattern  for  a  roofjack,  base,  and  collar.  Patterns  for 
the  jack,  base,  and  collar  are  illustrated  in  figure  4-8. 
You  use  the  radial  line  layout  method  to  develop  the 
pattern  for  the  roofjack  (frustum).  The  diameter  of  the 
top  opening  is  7  inches,  and  the  diameter  of  the  base 
opening  is  18  inches.  You  need  the  7-inch  top  opening 
because  the  double-wall  vent  stack  includes  a  1/2-inch 
airspace.  After  you  develop  the  pattern,  you  make 
allowances  for  the  seams,  as  shown  in  the  illustration. 
The  pattern  for  the  roof  jack  base  (flashing)  is  30  x  30 
inches,  with  an  18-inch  diameter  cutout  in  the  center. 
The  collar  for  the  top  of  the  roof  jack  is  1  /  2  x  22  inches 
with  allowances  added. 

Pattern  for  a  stack  Joint,  The  next  pattern  for  the 
vent  assembly  is  the  top  stack  joint,  shown  in  figures 
5-2  and  5-9.  This  single  wall  stack  joint  is  20  inches  long 
because  the  roof  jack  is  10  inches  high,  and  you  must 
maintain  a  distance  of  30  inches  from  the  bottom  of  the 


20" 
LONG 


C 


Vi"  FOR  5/16"  GROOVED  SEAM 
 22"  STRETCH  OUT  


PATTERN  FOR 
STACK  ABOVE  ROOF 


1J4"  FOR  SLIP  JOINT 

Figure  5-9.  Pattern  for  a  single-wall  stack  joint. 
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vent  cap  to  the  roofline.  Remember  to  make  the 
diameter  7  inches  so  that  it  will  fit  over  the  roofjack 
collar.  The  stretch  out  is  22  inches  long  and  20  inches 
high  plus  the  allowances.  Make  a  IV^-inch  slip  joint 
allowance  for  the  connection  with  the  vent  cap. 

Pattern  for  a  vent  cap.  The  next  pattern  of  the  stack 
assembly,  shown  in  foldout  2  and  figure  5-2,  is  the  vent 
cap,  which  contains  several  parts.  The  vent  cap  is  a 
draftproof  and  weatherproof  type  witli  a  top,  ring,  collar, 
and  braces. 

The  cover  (top)  is  the  first  pattern  of  the  vent  cap,  as 
shown  in  view  A  of  figure  5-10,  To  lay  out  the  cover, 
draw  an  elevation  view  9  inches  in  diameter  and  2 
inches  high.  Notice  on  the  elevation  view  that  you  have 
a  slant  height  which  is  represented  by  line  AB.  Set  a 
pair  of  dividers  equal  to  the  distance  of  line  AB  and 
draw  a  circle.  This  is  the  beginning  of  the  pattern  for 
the  vent  cap  cover.  To  obtain  the  dimensions  for  the 
cutout,  set  your  dividers  equal  to  the  distance  of  1/2 
the  cap's  diameter  (from  the  elevation  view).  Next,  use 
point  B  as  a  radius  point  and  strike  an  arc  on  line  AB  to 
form  line  CB,  Measure  the  distance  from  point  A  to 
point  C,  which  in  this  example  is  1/2  inch.  Now 
multiply  1/2  inch  x  6.28  (27r)  to  obtain  the  length  of 
the  arc  for  the  cutout.  In  this  case,  it  is  3.14  inches  (S/g 
inches).  Mark  off  this  distance  on  the  pattern,  as 
shown,  and  make  the  seam  allowance.  In  this  example, 
an  allowance  of  inch  is  required  on  each  edge  for 
the  riveted  lap  seam.  The  same  seam  allowance  is  used 
for  spot  welding. 

The  next  pattern  for  the  vent  cap  is  the  ring  shown  in 
view  B  of  figure  5-10,  The  ring  is  5V2  inches  wide  and  1 1 
inches  in  diameter,  so  the  stretchout  is  5V2  x 
34  inches.  Make  a  seam  allowance  of  1/2  inch  on 
each  end  of  the  stretchout  for  the  grooved  seam,  and 
make  a  1/4-inch  hem  allowance  on  the  top  and 
bottom. 

The  next  pattern  is  the  collar,  which  is  4  inches  high 
and  7  inches  in  diameter.  The  stretchout  is  4  x  22 
inches,  as  shown  in  view  C  of  figure  5-10,  Make  the 
grooved  seam  allowance  of  1/2  inch  at  each  end  as 
shown  in  the  example. 

View  D  of  figure  5-10  shows  the  brace  pattern.  The 
vent  cap  needs  4  braces  made  from  1 6-gage  metal.  Each 
brace  is  1  inch  wide  and  inches  long.  The  braces 
hold  the  vent  cap  assembly  together  and  are  riveted  to 
the  top,  collar,  and  ring. 

Pattern  for  a  ceiling  thimble.  The  ceiling  thimble 
shown  in  foldout  2  and  figure  5-2  should  be  purchased 
"ready  made,"  though  you  may  be  required  to  make 
one.  The  ceiling  thimble  shown  in  the  foldout  permits 
the  heating  unit  stack  to  run  through  the  ceiling.  The 
same  type  of  thimble  can  be  used  to  run  a  stack  through 
a  wall.  Steps  in  fabricating  a  ceiling  thimble  are  shown 
in  figure  5-11.  To  fabricate  this  type  of  thimble,  make 
two  rings,  as  shown  in  view  A.  The  inside  hole  of  the 
ring  should  be  7  /\e  inches  in  diameter  so  that  a  stack 
with  a  7-inch  diameter  can  pass  through  the  opening.  A 
2-inch  airspace  is  needed  between  the  stack  and  sleeves, 
as  shown  in  view  D,  Add  a  1/2-inch  flange  to  the  ring 
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so  that  it  will  fit  against  the  ceiling.  Punch  screw  hoies 
in  the  1/2-inch  flange  on  centers  of  1/4  inch  from  the 
outside  edge  and  spaced  SYs  inches  apart  (center  to 
center).  Punch  the  5/  16-inch  airholes  2  Vi6  inches  apart 
(center  to  center). 

Two  sleeves  for  the  thimble  are  made  as  shown  in 
views  B  and  D  of  figure  5-1  L  Note  that  you  add  tabs  to 
the  outside  sleeves  only.  Spot-weld  or  rivet  the  tabs  to 
the  sleeve  and  space  them  to  match  the  screw  holes  in  the 
ring.  Set  the  tabs  back  from  the  flange  of  the  sleeve  for 
5/8  inch  or  1^2  inch,  according  to  the  thickness  of  the 
gypsum  board  used  in  the  ceiling.  Make  the  diameter  of 
the  outside  sleeve  1/16  inch  larger  than  the  diameter  of 
the  inside  sleeve  so  that  the  inside  sleeve  will  slide  inside 
the  outside  sleeve.  Both  sleeves  should  be  6  inches  long. 
Turn  a  3/8  inch-flange  on  one  end  of  each  sleeve  so  that 
you  can  spot-weld  the  flange  to  the  ring.  View  C  in 
figure  5-11  shows  how  the  inside  sleeve  should  look 
when  completed.  When  it  is  installed,  the  position  of  the 
ceiling  thimble  is  like  view  D  in  figure  5-11. 

Pattern  for  a  vent  stack  brace.  The  next  part  of  the 
vent  stack  assemblv  is  the  brace,  shown  in  foldout  2 
and  figure  5-12.  You  make  the  brace  in  twojpieces  from 
1/8  X  2-inch  flat  bar  stock  or  10-gage  steel.  The  length 
of  the  brace  should  be  14Vi  inches  if  the  rafters  are 
located  on  16-inch  centers.  Since  the  outside  diameter 


of  the  stack  is  7  inches,  make  the  brace  in  two 
half-round  pieces,  each  with  a  3!4-inch  radius.  Fasten 
the  brace  to  the  rafters  with  1/4-inch  stove  bolts. 

The  pattern  for  piece  1  of  the  brace,  shown  in  view  B 
of  figure  5-12,  is  made  of  flat  bar  stock.  Use  a  vise  to 
make  the  90°  bends,  and  use  a  slip  roll  machine  to 
form  an  1 1-inch  half-r  ound  radius  bend.  You  can  use  a 
heavy-duty  brace  and  wire  bender,  if  available,  to  form 
the  90"^  bends.  You  form  piece  2  in  the  same  way  as 
piece  1  without  as  many  90®  bends.  After  you  complete 
the  bending  process  for  both  pieces,  drill  four 
5/  16-inch  holes  with  a  drill  press. 

Exercises  G1S2): 

1.  List  the  shop-made  parts  and  the  ready-made  parts 
of  a  stack  assembly. 


2.  What  layout  method  is  used  for  making  a  roof  jack 
(frustum)? 
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B  PATTERN  FOR  RING 
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Figure  5-10.  Patterns  for  a  vent  cap. 
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Rgure  5-11.  Thimble  fabrication. 
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1  1/2" 


BOLT 


A  BRACE  FOR  VENT  STACK 


PIECE  2 


1  1/2" 
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A-*  

^  S/16"  HOLE  FOR  1/4*'  STOVE  BOLT 
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B  PATTERN  FOR  PIECE  1 


2" 


1/B"  X  2"  FLAT  BAR  STOCK  OR  lO  GAGE  STEEL 
C  PATTERN  FOR  PIECE  2 

Figure  5-12.  Making  a  brace  for  a  vent  stack. 

453.  Point  out  the  equipment  you  need  to  cut,  form, 
assemble,  and  install  stack  components,  and  state 
specifled  tasks  to  be  performed. 

Cutting  I  /!terns  for  Stocks  and  Associated 
Components.  Starting  with  the  frustum  pattern  for  the 
roof  jack,  shown  in  figure  5-8,  you  make  the  outside 
radius  cut  with  straight-cut  snips,  the  inside  radius  with 
aviation  snips,  and  the  straight  cuts  with  straight-cut 
snips.  You  cut  the  pattern  for  the  flashing  and  base  with 
ring  and  circle  shears  and  squaring  shears.  You  cut  the 
collar  with  straight  snips  or  squaring  shears.  Cut  all  the 
notching  with  straight  cut  snips. 

You  cut  the  pattern  for  the  roof  stack,  shown  in  figure 
5-9,  with  squaring  shears  and  notch  it  with  straight  snips. 
Cut  all  the  patterns  in  figure  5-10  with  squaring  shears 
and  notch  with  straight  cut  snips,  except  for  the  top 
pattern,  which  you  must  cut  with  ring  and  circle  shears 
or  circle  shears.  Make  the  cutout  with  straight  snips. 

Cut  the  patterns  for  the  pieces  shown  in  figure  5- 1 1 
with  ring  and  circle  shears  and  squaring  shears.  The 
patterns  illustrated  in  figure  5-12  do  not  require  cutting, 
except  for  length,  if  you  are  using  1/8-inch  x  2-inch  flat 
bar  stock.  If  the  bar  stock  is  not  available,  use  power 
squaring  shears  to  cut  the  10  gage  metal. 

Forming  Patterns  for  Stacks  and  Associated 
Components.  The  next  step  in  the  fabrication  process 
is  the  forming  of  patterns.  Form  the  patterns  for  the 
roof  jack,  shown  in  figure  5-8,  on  the  bar  folder*  slip 
roll  machine,  hand  groover,  and  elbow-edging 
machine.  When  forming  the  frustum,  set  the  slip  roll 


machine  for  a  7-inch  circle  on  one  end  and  for  an 
18-inch  circle  on  the  other  end.  Turn  the  grooved  seam 
edges  for  the  frustum  and  collar  on  the  bar  folder  and 
form  them  with  a  hand  groover  on  a  bench  stake.  Form 
the  V-groove  on  the  elbow-edging  machine  and  use  it 
to  join  the  frustum  and  collar.  In  forming  the 
V-groove,  remember  that  one  component  should  have 
the  V-groove  inside  and  the  other  outside.  We  suggest 
that  you  make  the  inside  V-groovc  on  the  collar. 

You  can  form  the  roof  stack,  which  is  shown  in  figure 
5-9,  with  a  Pittsburg  lock-forming  machine  and  the  slip 
roll  machine.  First,  make  the  two  pockets  of  the  grooved 
seam  (as  shown  in  fig.  2-6)  with  the  Pittsburg  lock- 
foring  machine.  Next,  run  the  sheet  through  the  slip  roll 
machine  to  form  the  cylindrical  shape.  After  forming, 
join  the  pockets  and  flatten  the  seam. 

You  form  the  vent  cap  patterns  shown  in  figure  5-10 
with  a  cornice  brake,  the  Pittsburg  lock-forming 
machine,  a  bar  folder,  and  the  slip  roll  machine  (except 
for  the  top  pattern).  You  form  the  top  pattern  on  a  blow 
horn  stake  by  placing  the  center  of  the  pattern  on  the 
point  of  the  horn  and  lightly  bending  the  top.  To 
assemble  it,  pull  the  pattern  so  that  one  allowance  for  the 
lap  joint  will  slip  over  the  top  of  the  other  allowance. 
You  can  then  rivet  the  top  of  the  blow  horn  stake. 

Hem  the  pattern  for  the  ring  (B  in  fig.  5-10)  on  the  bar 
folder,  and  form  the  groove  on  the  Pitt  burg  lock 
forming  machine.  Roll  the  pattern  into  a  cylinder  on  the 
slip  roll  machine.  A  bead  2  inches  from  the  edge  will 
stiffen  the  ring  and  improve  its  appearance.  Make  the 
bead  with  a  beading  machine  after  you  have  joined  the 
grooved  seams.  Form  pattern  C  the  same  as  pattern  B, 
except  for  the  hems  and  bead.  Form  the  brace  (pattern  D) 
on  the  cornice  brake  by  making  two  90°  bends,  one  125° 
bend,  and  one  55°  bend.  The  90°  bends  are  on  the 
bottom  of  the  brace,  and  the  125°  and  55°  bends  are  on 
the  top  of  the  brace. 

Form  the  ceiling  thimble  patterns,  shown  in  figure 
4-1 1 ,  with  the  Pittsburg  lock-forming  machine,  slip  roll 
forming  machine,  hollow  mandrel  stake,  and  burring 
machine.  Two  sleeves  are  required.  Form  them  by 
making  the  grooved  seam  on  the  Pitisburg  machine, 
forming  the  cylinders  on  the  slip  roll  machine,  locking 
the  grooved  seam  on  the  hollow  mandrel  stake  with  a 
mallet,  and  turning  the  3/8-inch  flange  on  the  burring 
machine.  You  can  form  the  clips  for  the  outside  sleeve 
on  the  bar  folder  or  the  brace  and  wire  bender. 

Assembly  of  Stack  Components.  Next  in  the 
fabrication  process  is  the  assembly  of  the  formed  parts 
of  the  stack  assembly.  Join  the  roof  jack,  shown  in 
figure  4-8.  to  the  base  (flashing)  with  a  dovetail  seam. 
Slip  the  1/2-inch  allowance  on  the  frustum  baase  at 
1/2-inch  intervals  to  make  1/2  x  1/2  inch  tabs,  and 
bend  every  other  tab  90^.  After  joining,  bend  the 
remaining  tabs  90®,  Solder  the  dovetail  seam  to 
prevent  leakage.  Install  the  collar  at  the  top  of  the 
frustum  by  placing  the  V-grooves  together.  Solder  the 
grooved  seams  about  4  inches  up  the  side  to  prevent 
leakage. 
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You  assemble  the  vent  cap  components,  shown  in 
figure  4-10,  by  riveting  the  top  and  collar  to  the  braces. 
There  are  two  rivets  in  the  collar  and  one  in  the  top  of 
each  brace.  After  you  have  riveted  the  four  braces, 
install  the  ring  with  sheet  metal  screws  on  each  brace. 

To  assemble  the  ceiling  thimble,  illustrated  in  figure 
4-11,  you  spot-weld  the  rings  to  the  flanges  of  both 
sleeves.  Align  the  1  inch  x  1  inch  tabs  with  the  screw 
holes  in  the  ring,  1/2  inch  or  5/8  inch  from  the  edge 
(according  to  the  thickness  of  the  gypsum  board  in  the 
ceiling),  and  spot-weld  or  rivet  the  ring  to  the  outside 
sleeve. 

Installation  of  Stack  Components.  You  begin  the 
installation  of  the  stack  components  that  are  shown  in 
foldout  2  by  locating  the  center  points  where  the  stack 
passes  through  the  ceiling  and  roof.  Use  a  plumb  bob 
to  locate  the  ceiling  hole  center  point  by  suspending 
from  the  ceiling  and  aligning  it  with  the  center  of  the 
stack  collar  outlet  on  the  heating  unit.  With  the  center 
located,  cut  an  IP/g  inch  hole.  You  can  find  the 
location  of  the  roof  jack  by  the  same  method.  Cut  the 
roof  jack  outlet  lAYz  inches  in  diameter.  Then  set  the 
roof  jack  directly  over  the  roof  outlet  and  nail  it  to  the 
roof.  Do  not  install  the  jack  until  a  layer  of  roofing  felt 
has  been  installed. 

When  the  roof  jack  is  in  place  and  the  ceiling  thimble 
is  installed  (see  view  D,  fig,  5-1 1)  place  the  double-wall 
stack  over  the  collar  outlet  of  the  heating  unit.  Install  the 
inside  sleeve  in  the  ceiling  outlet  (1 1  -inch  hole)  from 
the  bottom,  and  install  the  outside  sleeve  from  the  top. 
Align  the  outside  sleeve  tabs  with  the  screw  holes  of  the 
ring  on  the  inside  sleeve.  Drill  screw  holes  in  the  tabs  so 
that  you  can  use  sheet  metal  screws  to  secure  the  thimble 
to  the  ceiling. 

As  you  mstall  the  double-wall  stack  through  the 
thimble  and  into  the  roof  jack,  fasten  the  joints 
together.  Fasten  the  brace  to  the  stack  and  ceiling 
rafters  as  shown  in  foldout  2.  Install  the  single-wall 
roof  stack  through  the  roof  jack  and  fasten  it  with  sheet 
metal  screws.  Your  last  step  is  to  fasten  the  vent  cap  to 
the  roof  stack  with  sheet  metal  screws.  This  completes 
the  installation  of  the  stack  components. 

Exercises  (453): 

1.  What  handtool  is  used  to  cut  the  inside  radii  of  a 
roof  jack? 


2.  Name  the  handtool  used  most  often  for  notching. 


3,  List  the  equipment  used  to  form  patterns  for  a  roof 
jack. 


4.  What  tool  do  you  use  to  locate  the  point  where  the 
vent  stack  will  pass  through  the  ceiling? 


5.  Why  must  the  tabs  on  a  ceiling  thimble  line  up  with 
the  holes  in  the  ring? 


6.  Why  should  the  grooved  seam  on  a  roof  jack  be 
soldered  for  about  4  inches  up  the  side? 


454.  State  the  main  points  to  consider  in  repairing, 
fabricating,  and  installing  ventilators  and  associated 
components. 

Repair,  Fabrication,  and  Installation  of  Ventilators. 

Ventilators  exhaust  the  air  from  buildings  either  by 


POWER  VENTILATOR 

Figure  5-13.  Ventilators. 


129 


353 


gravity  tTow  or  by  forcca  air.  In  figure  5-1 3, you  can  see 
three  types  of  ventilators.  View  A  is  a  turbine  (spin  cat) 
ventilator.  When  the  wind  blows,  the  vaned  top  rotates, 
and  the  centrifugal  action  pulls  air  out  of  the  building. 
The  ventilator  shown  in  view  B  operates  like  a  stack,  and 
the  air  removal  depends  on  the  wind  and  the  temperature 
inside  and  outside  the  building.  This  ventilator  is 
designed  to  be  installed  on  the  peak  of  the  roof  so  that 
the  wind  can  blow  across  it  from  any  direction.  In  the 
ventilator  shown  in  view  C,  a  motor-driven  fan  pulls  the 
air  out  of  the  building.  It  does  not  rely  on  the  wind  or 
temperature  differences.  There  arc  design  variations  in 
all  three  types  of  ventilators.  Some  ventilators, 
depending  on  the  use  and  the  manufacturer,  exhaust  air 
from  range  hoods,  and  others  exhaust  attack  heat  from 
buildings.  Attics  with  ventilators  usually  have  louvers 
that  let  the  cooler  outside  air  enter  the  attic  and  then  pass 
out  through  the  ventilator.  The  louvers  usually  face 
toward  the  wind,  increasing  the  airflow  into  the  louvers 
and  out  through  the  roof  ventilators. 

In  most  ventilators,  dampers  regulate  the  airflow.  In 
the  summer  the  dampers  are  usually  left  open,  and  in 
the  winter  they  are  opened  or  closed  as  required.  Most 
power-operated  ventilators,  such  as  the  one  shown  in 
view  C  of  figure  5-13,  have  automatic  louvers  that  open 
or  close  when  the  motor  is  turned  on  or  off.  This 
operation  controls  the  backdraft  in  the  system. 

Ventilator  repair  is  similar  to  the  repair  of  other 
sheet  metal  components — according  to  the  damage. 
When  ventilators  are  damaged  by  wind,  hail,  or 
corrosion,  inspect  the  bad  parts  and  decide  whether  the 


unit  should  be  repaired  or  replaced.  It  may  be  possible 
to  repair  the  damage  with  a  simple  patch.  However,  if 
the  damage  is  severe,  a  duplicate  ventilator  should  be 
installed. 

In  some  cases,  you  must  fabricate  a  new  or 
replacement  ventilator.  For  example,  assume  that  you 
must  make  the  draft  ventilator  shown  in  view  B  of 
figure  5-13.  Notice  that  it  consists  of  a  square  base  that 
gradually  changes  to  a  round  pipe,  which  is  covered  with 
a  draftproof  vent  cap,  such  as  that  shown  in  view  D  of 
figure  5-7  and  in  foldout  2.  In  this  example,  the 
transition  is  10  inches  high  with  a  12-  x  12-inch  base  that 
fits  over  the  ridge  of  a  roof  with  a  5  to  12  pitch.  The 
transition  is  joined  to  a  P/2-inch  collar,  which  joins  a 
straight  pipe  that  is  6  inches  long  and  8  inches  in 
diameter.  The  vent  cap  has  a  2-inch  airspace  between 
the  collar  and  top  and  a  2-inch  airspace  between  the 
collar  and  ring. 


Exercises  (454): 

1.  Name  two  factors  to  consider  when  you  are 
planning  to  make  a  ventilator  for  a  building. 


2.  What  factors  determine  the  repair  that  must  be 
done  on  a  damaged  ventilator? 


130 


3u() 


ERIC 


ANSWERS  FOR  EXERCISES 


CHAPTER  1 


Reference: 

400  - 

1, 

Orthographic  and  pictorial  drawings;  and  plan,  elevation,  and 

detail  views. 

400  - 

2. 

Orthographic  p:t)jection. 

400  - 

3, 

Elevation. 

400  - 

4, 

Ail  features  are  shown  in  their  true  shapes. 

400- 

5, 

Flan. 

400  - 

6, 

Detail. 

400  - 

7, 

To  show  the  length,  width,  and  thickness. 

400- 

8. 

Plan  views*  elevation  views,  and  detail  views. 

401  - 

1, 

Length,  width,  thickness,  height,  and  depth. 

401  - 

2, 

Centerlines. 

401  - 

3. 

Inside  or  outside  of  the  angle. 

401  - 

4, 

Hidden  lines. 

401  - 

5, 

To  clearly  show  the  dimension  of  an  object  outside  its  outline. 

401  - 

6, 

Surface  visible  to  the  eye. 

401  - 

7, 

Hidden  lines  to  indicate  surfaces  that  are  invisible. 

401  - 

8, 

By  placing  the  angle  in  degrees  between  the  intersecting  lines. 

9, 

By  drawing  parallel  extension  lines  from  the  outer  surface  of  the 

circle  and  indicating  dimensions  betv.*een  these  two  lines. 

401  - 

10,  By  placing  an  X  at  the  center  point. 

401  - 

11. 

Usually  indicated  from  center  to  center. 

401  - 

12.  Two. 

401  - 

13.  Three>slant  height,  diameter,  and  vertical  height. 

402  - 

A  . 

First, 

Ado  — 

2. 

Round  duct  supply  system,  nonwatertight. 

402  - 

3. 

Deflecting. 

402  - 

4. 

Louvers. 

402  - 

5. 

Wand  A. 

402  - 

6. 

Near  the  floor. 

402  - 

7. 

Top  grill. 

403  - 

1. 

Specific  instructions  used  to  explain  the  drawing.   On  the 

drawing. 

402  - 

2. 

They  are  very  general  in  r^  uure  and  apply  to  more  than  one  job. 

403  - 

3. 

The  working  drawings. 

403  - 

4. 

Individual  projects  that  cover  quality  of  material,  details  of 

construction,  working  drawings,  and  other  special  features. 

403  - 

5. 

To  allow  for  expansion. 

404  - 

1. 

Rules,  tapes,  squares,  protractors,  twist  drill  size  gages, 

adjustment  gages,  arr»  thickness  gages. 

404  - 

2. 

A  fraction. 

404  ~ 

3, 

1/2,  1/4,  1/8,  1/16,  1/32,  and  1/64. 

1. 

a.    6'x22'9  ". 

b.    r  x3'3''x  1'8". 

406  - 

1. 

6>,  12-,  and  15-inch  wood  or  plastic  rule;  steel  tape;  power 

return  steel  tape;  and  circumference  rule. 

406  - 

2. 

False. 

406  - 

3. 

Power-return  steel  rule. 

406- 

4. 

To  account  for  the  thickness  of  the  ring  or  hook  at  the  end  of  the 

tape. 

406- 

5. 

1/64. 

406- 

6. 

Inside,  outside,  hermaphrodite. 

406- 

7. 

The  approximate  circumference  of  any  circle  within  the  range  of 

the  rule. 

406  - 

8. 

This  stiffens  the  tape  when  it  is  extended  from  the  case. 

407  - 

1. 

^^tlade,  square  and  miter  head,  turret  protractor  head,  and  the 

center  head. 

407  - 

■  2, 

Blade,  square,  and  miter  head. 

407  - 

■  3, 

Tongue,  body,  and  heel. 

407  - 

'  4, 

Framing  square. 

407  -  5,    To  make  layouts,  to  check  squareness  of  metal,  to  measure,  and 

to  determine  the  pitch  of  a  roof. 
407  -  6.    The  face  is  graduated  in  eighths  and  sixteenths;  the  back  is 

graduated  in  tenths  and  twelfths. 

407  -  7,    The  turret  protractor  head. 

408  -  1. 

(1)  g, 

(2)  c. 

(3)  j. 

(4)  a. 

(5)  f. 

(6)  i. 

(7)  h. 

(8)  c. 

(9)  b. 
(10)  d. 

409  -  1 .    To  obtain  measurements  and  a  description  of  the  object. 
409  -  2.    Parallel  line,  radial  line,  and  triangulation. 


409 

-  3, 

All  needed  descriptive  information. 

410 

-  1. 

Parallel;  perpendicular. 

410 

-  2, 

Plain  or  elevation  views. 

410 

-  3, 

The  more  gores,  the  less  resistance. 

410 

-  4, 

Circumference. 

410 

-  5, 

All  element  lines  must  be  parallel  or  perpendicular  to  each 

other. 

410 

-6. 

Perimeter, 

410 

-  7. 

Elbow. 

410 

-  8. 

The  sum  of  the  four  sides. 

410 

-  9, 

The  throat  radius  and  the  diameter  or  duct  width. 

410 

-10.  The  cross  sections  are  identical  on  each  end  of  each  component. 

41 1 

-  1. 

Vertex, 

41 1 

-  2. 

In  order  to  obtain  the  true  height  of  the  pyramid. 

41 1 

-  3. 

Horizontally, 

A\  1 
'♦11 

-  4. 

Two, 

411 

-  5. 

^'ertex. 

411 

-  6. 

idight  cone. 

412 

-  1. 

7  inches. 

412 

-  2. 

To  avoid  confusion  when  'xansferring  element  lines. 

412 

-  3. 

By  leaving  them  set  for  the  distances  between  equal  points,  you 

can  save  time. 

412 

-  4. 

b  and  d. 

413 

-  1. 

No, 

413 

-  2. 

Depending  on  the  type  of  seam  used,  but  most  often  part  on 

each  side  of  a  layout. 

413 

-  3. 

3/8  inch. 

413 

-  4. 

To  permit  the  duct  to  continue  in  the  same  direction. 

413 

-  5. 

Framing  square,  combination  set,  dividers,  and  scribe. 

414 

-  1. 

Mark  all  points  and  lines  while  transferring  the  pattern. 

414 

-  2. 

Paper, 

414 

-  3. 

A  prick  punch. 

414 

-  4. 

Hold  pattern  in  place  with  weights. 

414 

-  5. 

Use  one-half  of  the  pattern. 

414 

-  6. 

Two  half  patterns. 

414 

-  7. 

Mark  outside  edge  and  inside  edge. 

415 

-  1. 

e. 

415 

-  2. 

h. 

415 

-  3. 

i. 

415 

-  4. 

k. 

415 

-  5. 

a. 

415 

-6. 

b. 

415 

-  7, 
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416  - 


416  ■ 
416 


416 
416 


417 
417 
417 
417 


419 
419 

419 
420 
420 
420 
420 

421 
421 
421 

422  ■ 
422  ■ 
422 


423 
423 


423  - 

424  - 

424  - 

425  - 
425  ■ 

425  • 

426  ■ 

426  ■ 
426 

427 
427 

427  ■ 


428 
428 
428 
428 
428 
428 


418  -  1, 


418  -  2, 


2, 

1, 
2, 
3, 

1, 
2, 
3, 

K 
2, 
3, 

1, 
2, 

•  3- 

•  4. 
.  5. 

6. 


ba    TT  X  e 

•rr=  1.0  +  ,750=^  !,25 

e  =  0.017453  X  45  =  ,785385 
ba  =  1,25  X ,785385  -  ,98173125 
0,017453, 

ba  —  bend  aliowance 
r  =  radius  of  the  neutral  axis 
0  »  bend  angle  in  radians 

The  radius  of  the  bend  and  the  degree  of  angle  in  the  bend, 
ba  =  r  X  e 

r  =  2  +  ,125  =  2,125 

6  =  0.017453  X  180  =  3,14154 

ba  «  2,125  X  3, 14154  =  6,6757725 

CHAPTER  2 

Flat,  offset,  and  comer. 
1/2  inch. 

Where  appearance  needs  to  be  neat. 
Comer  lap  seam. 

Two  pieces  of  metal  are  formed  around  each  other  and 
interlocked. 

On  cylinders «  metal  roofs«  and  stiffeners  on  ducts. 

To  connect  two  pieces  of  metal  together  and  stiffen  the  metal. 
Three  times  the  height  of  the  seam  plus  twice  the  thickness  of 
the  material, 
3/4  inch. 
Two, 

Bar  folder,  comice  brake,  and  Pittsburg  lock  fomiing  machine, 

A  backing  plate  or  stake  and  a  mallet, 

3W  4-  3T  for  lighter  gages  and  3  W  +  5T  for  heavier  gages, 

Tum  a  1/4-inch  flange  on  the  bottom  of  the  cylinder, 
1,012  inches. 

Bottom  of  a  cylinder,  comer  of  a  square  duct,  bottom  and  end 
of  a  pan  or  box. 

For  the  comers  and  edges  of  square  and  rectangular  ducts «  and 
on  transitions  and  elbows, 

15/16  inch,  1  inch,  or  1  inches  for  the  pocket  side  and  1/4 
inch  for  the  flanged  side, 

Tum  the  metal  over  in  the  comice  brake  and  lower  the  top  \caf 
until  a  groove  is  fomied.  Strike  the  folded  metal  with  a  msllet 
until  the  edges  are  parallel. 

Cylinder,  round. 

Make  a  cut  every  1/2  inch  all  around  the  duct  and  bend  every 
other  tab  out  90*^,  Place  unbent  tabs  through  the  flat  surface  and 
then  bend  them  out  90", 

0;  because  all  seam  allowances  are  on  the  round  duct. 

Cross  brake  and  1  inch  standing  seam  on  4  foot  centers, 
20  gage;  1    inch;  4  foot. 

Standing  edge. 

To  flatten  the  S  portion  (last  2  bends)  to  fomi  1 80", 
To  connect  the  long  sides  of  duct  sections, 

S-slips, 
20, 

By  cutting  the  bend  allowances  at  a  45"  angle  at  one  end. 

Attach  both  S-slips  on  one  piece  of  duct. 
To  hold  the  duct  sections  in  place. 

Bend  the  ends  of  the  drive  slips  over  the  comers  of  the  duct  to 
hold  the  drives  in  place. 

Form  the  Pittsburg  seams. 

To  connect  a  small  duct  to  a  trunkline. 

By  bending  the  tabs  over  inside  the  duct. 

The  fourth  step. 

Two. 

One  end  of  each  piece  is  crimped. 


429  -  1.    The  seam  must  be  a  lap  scam. 
429  -  2,    By  the  diameter  of  the  weld, 

429  -  3,    Four  times  the  thickness  of  one  of  the  pieces  of  metal  being 

welded, 

CHAPTER  3 

430  -  1 ,    Changes  in  the  direction  of  the  duct  and  air  friction  with  its 

sides, 

430  -  2,    Reduce  friction  by  using  smooth  duct  materials, 

430  -  3,    Pipe  the  air  as  directly  as  pos.sible  to  the  required  location. 


431 
431 

431 

431 

432  ■ 
432  ■ 

433 
433 
433 
433 

434 
434 


1 ,  To  make  the  seams  and  joints  as  smooth  as  possible, 

2,  Diverging  and  converging  duct, 
R      12  3 

-  3,   "^"^""^        ^^^^  1.5;  thus  it  is  called  a  ratio  of  1,5, 

-  4,    The  same  plane  as  the  radius  of  the  elbow, 

1,  5,2 

2,  Rivet  or  spot-weld  the  splitter  tabs  to  the  side  of  the  elbow 
before  you  attach  the  top  of  the  duct, 

2 ,  Vary  the  volume  of  air  flowing  through  the  system, 

2,  At  the  middle  of  tlie  duct, 

3,  Balance  airflow  in  a  duct  system, 

4,  Lx)uver  damper. 


1 ,  To  disperse  air  in  all  directions  from  the  ceiling, 

2,  To  control  the  volume  and  direction  of  airflow  from  a  duct 
outlet  in  the  n'all, 

433  —  3,    To  cover  retum  air  openings  and  permit  ventilation  through 
doors  and  walls. 


438  -  1, 


438 
438 

439  -  1, 


CHAPTER  4 


435  -  1,  a 


Break  down  the  system  into  subsystems,  sections,  and 
joints, 

b.  Determine  the  types  of  seams, 

c.  Determine  the  types  of  joint  connections, 

d.  Determine  the  types  of  bracing, 
435  -  2.    Grooved  seam, 

435  -  3,    1 'finches, 

435  -  4,    Cross  brake, 

436  -  1 ,    Galvanized  sheet  iron, 
436  —  2,    24-gage  galvanized, 

436  -  3,    24  gage, 

437  -  1 ,    4  feet  wide  and  8  or  1 0  feet  long. 

437  -  2,    How  you  can  use  the  leftover  material, 

a.  Make  a  drawing  showing  the  dimensions  of  the  duct  and 
joints, 

b.  Start  a  materials-required  list. 

2,  VA  inches, 

3,  In  the  third  step. 

It  has  4  different  sizes  of  duct — connected  with  transitions;  it 
has  round  duct  branch  lines;  and  it  is  closed  with  an  end  cover, 

440  —  1 ,    From  the  center  of  the  trunkline  of  the  ceiling, 

440  -  2,    With  S-and-drive  slips  between  each  joint, 

440  ~  3,    They  do  not  have  flanges  because  they  will  be  boxed  in, 

441-1,  Diffiisers, 

441-2,    Soft  flexible  blankets  of  aluminum  foil  backed  fiberglass 
insulation, 

441-3,    Soft  zinC'Coated  20-gage  wire, 

442  -  1 ,  Parallel  line,  radial  line«  and  triangulation  methods, 

442  -  2,  Transition  pattems, 

442  -  3,  Any  duct  or  component  with  parallel  sides, 

443  -  1 ,  To  achieve  maximum  airflow, 
443  -  2.  -|-=5. 

443  -  3.  3/4  inch. 

444  -1.  Squaring  shears. 
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444 
444 
444 

445 
445  • 
445  • 

446^  1. 


446 
446 


447 
447 
447 

447  • 
447 

448  • 
448  ■ 


446-4, 


449-  1. 
449  -  2. 
449  -  3. 


They  arc  rectangular  and  Jo  uoi  have  nolchcs. 

V-notchcs  and  slant  notches. 

At  each  end  of  the  I -inch  Pittsburg  scam  allowance. 

Cornice  brake. 

Pittsburg  lock-forming  machine. 
Shop-made  hand  folder. 

An  imaginary  line  passing  through  the  middle  of  the  duct  joints 
as  their  horizontal  and  vertical  center. 
From  an  elevation  view  drawing. 

By  size,  weight,  and  materfsl  of  the  duct  and  the  characteristics 
of  the  structure  that  supports  the  duct. 

To  take  all  the  tools,  equipment,  and  materials  you  will  need  to 
the  job  site. 

Plenum. 

Sheet  metal  screws. 
A  chalkline. 
With  adhesives. 

To  insure  a  complete  vapor  barrier. 

Install  the  registers,  grilles,  and  diffiisers. 
You  must  coordinate  with  the  paint  shop  for  painiing  the 
diffusers,  and  with  the  carpenter  shop  to  insure  that  the  wall 
openings  arc  the  right  size  and  in  the  ri^ht  places. 

1/2-inch  allowance. 

1/4  inch  from  edge;  2  inches  apart. 

When  you  do  not  have  access  to  both  sides  of  the  hole. 


CHAPTER  5 


450  -  1 ,    Inside  air  temperature  and  wind. 

450  -  2.    Where  the  wind  is  forced  upward  across  the  vent  opening. 

450  -  3,    Above  the  highest  part  of  the  roof. 

451  -  1,    They  have  an  inner  and  outer  wall  with  about  1/2  inch  of 

airspace  between  them. 
451  -  2,    To  venl  gas-fired  heaters,  furnaces,  and  water  heaters. 
45 1  -  3,    A  draft  diverter  prevents  excessive  updrafts  and  down'^rafts. 

451  -4,    To  weatherproof  the  roof  opening  tbrrugh  which  the  stack 

passes, 

452  -  1 ,    Make  the  vent  stack;  the  roof  jack,  base,  and  collar;  the  cover, 

ring,  collar,  and  braces  for  a  vent  cap.  The  ceiling  thimble  is 
usually  ready  made, 

452  -  2.    Radial  line, 

453  -  1.  Aviation  snips. 
453  -  2,  Straight  snips. 

453  -  3.  Bar  folder,  slip  roll,  hand  groover,  and  elbowedging  machine. 

453  -  4,  Plumb  bob. 

453  -  5,  So  that  you  can  install  the  installation  screws  through  the  tabs  to 
secure  the  thimble  to  the  ceiling. 

453  -  6.  To  prevent  leakage. 

454  -  I ,  Whether  it  needs  a  gravity  flow  or  a  forced-air  ventilation. 
454  -  2,  The  type  and  extent  of  the  damage. 
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1.  MATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUrfflER, 

2.  USE  NUMBER  2  PENCIL  ONLY. 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

55252  03  22 
LAYOUT  AND  DUCT  SYSTEMS 

Carefully  read  the  following: 
po^a: 

i.  Ch<*(^k  the  "ooiir;^o,"  "volumt*,"  niul  "f\)rm"  numlun\".  from  t.ho  anr.wtu^ 
:;h<M^t.  a<ldpo:;:i  \.r^h  against  t,ho  "VRF*:  answ^M'  shiMM.  i  dont,  i  f  1  cati  <^n 
numbor"  in  t.hf  rightJiand  column  of  the  shipping  list.  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECT 
immediately  with  a  note  of  explanation, 

r^.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each 
column* 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet  . 
.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item. 
(When  you  review  for  the  course  examination,  you  can  cover  ^our 
answers  with  a  strip  of  paper  and  then  check  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  an?wers, 
transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if 
at  all  possible. 

Tak(?  action  to  *^eturn  entire  answer  sheet  to  ECT. 
,     Keep  Volume  Heview  Exercise  booklet  for  review  and  reference. 
7.      rr  ^-^Cil^    f*rirolled     student,     procenn     questions  or  comment:; 

:  fira';,'.:;h  your  unit  t.t\TLner  or  OdT  r.upervisor.  If  Y.o1^un tar|l^ 
•  luv^lled  .student,   nend  que.stionr^  or  comments  to  EOT  on  ECT  Form  17- 

'  f  M.     u;;e  answer     .sheets  other     than  one  furnished  specifically  for 

»  ael^i  review  exercise. 

]>in't  mark     on  the     answer  sheet     except  to     fill   in  marking  blocks. 

Double    marks  or    excessive  markings    which  overflow    marking  blocks 

will  register  as  errors. 
3      Don't  fold,   spindle,   staple,   tape,  or  mutilate  the  answer  sheet* 

Don't  use  ink  or  any  marking  other  than  a  fi2  black  lead  pencil. 
NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the 
VRE  is  the  Learning  Objective  Nuaber  where  the  answer  to  that 
item  can  be  located.  When  answering  the  items  on  the  VRE,  refer 
to  the  Learning  Ohjectives  indicated  by  these  Numbers.  The  VRE 
results  will  be  sent  to  you  on  a  postcard  which  will  list  the 
actual  VRF  items  y^ou  inissed .  Go  to  the  VRE  booklet  and  locate 
li?-§.!2G.iQ6  ^or  the  items  missed.      Go  to  the 

text  and  carefully  review  the  areas  covered  by  these  references. 
Review     the     entire    VRE    again  before     you  take     the  closed-book 
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MULTIPLE  CHOICE 


?^2t?_t2_§!Ly???Qt-     Consider  all  choices  carefully  ano.  .  ^  loot  tho  bei^t 

answer  to  each  question. 

1.  (^00)     An  orthographic  projection  drawing  is  uj^cd  to  show 

a.  details  of  seams  and  joints  ♦ 

b.  the  height  and  length  of  an  item. 

o.     the  true  size  of  each  side  or  part  of  an  object. 

d.     the  relation  of  each  part  or  side  to  the  other  parts  or  sides. 

2.  (^100)  What  type  of  drawing  is  used  to  show  clearly  the  shape, 
size  and  material  of  an  item? 

a.  Orthographic  projection-  c-     Detail  view. 

b.  Klevation  view.  d.  Plctoral. 

3-     ('101  )     What  doer,  the  term  thicknosr,  refer  to  when  applied  to 
working  drawings  of  sheet  metal  components? 

a.  The  smallest  dimension  of  an  object. 

b.  The  greatest  dimension  of  an  object - 

c.  The  dimension  from  the  front  of  an  object  to  the  back. 

d.  The  dimension  of  that  part  of  object  than  cannot  be  seen. 

^.     (M01)     How  are  the  distances  between  holes  in  an  object  indicated? 

a.  Usually  from  center  to  center, 

b-  Usually  from  outside  to  outside. 

c.  Always  from  the  inside  to  the  inside. 

d.  Always  from  the  edge  of  the  object  to  the  edge  of  the  hole. 

5.  (^02)     What  type  of  duct  symbol  is  used  on  working  drawings  to 
lder:M  fy  a  section  of  a  recirculation  duct? 

;i .     A  rectangle  with  two  broken  diagonal   lines  and  the  letter 

"R"  in  an  upper  section, 
h.     A  rectangle  with  one  line  drawn  on  a  diagonal . 

c.  A  rectangle  with  two  line;:  drawn  on  dlagonalr.  with  an  "R" 
in  thie  upper*  section. 

d.  A  rectangle  with  one  diagonal   1  ne  and  the  letters  "RA"  In 
the  upper  section . 

6.  ( ^03 )     Where  on  working  drawings  would  you  look  to  find  sped  flc 
instructions  and  explanations  of  the  drawing? 

a.  Nott\s.  c.     Detailed  drawl ng5i. 

b.  Plan  view.  d»     None  of  the  above. 
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(^\0^)     What  is  the  smallest  fraction  of  an  inch  foijnd  on  most 
tapes  or  rules? 

.1-     1/8.  1/32. 
1/1^^-  (i.  1/6^, 

CIO^;)     On  a  working  drawing,   what   ir>  the  corrce^  wny   to  lir.t 
the  mi\a.suremontr>  of  a  duct  .section  18  inches  high,  22  inches  wid 
and   four'  feet,  lon^? 

a.  18"  X  22"  X  U8". 

b.  H8  inche:-.  by   18  inches  by  22  inches. 

c.  18  inches  by  22  inches  X  ^8  inches, 

d.  Four  feet  by   18  inches  by  22  inches. 

m06)     Which  one  of  the  following  is  most  frequently  used  in  the 
metal  s^iop  for  taking  measurements? 

a.  Steel  rule.  c.     Folding  rule. 

b.  Steel  tape.  d.     Circumference  rule. 

(^106)     The  most  practical  measurement  tool  to  measure  a  roof 
for  a  rain  gutter  would  be  a 

a.  f.^lding  rul.-.  o.     >^andcrank  steel  tape. 

b.  power  ri'tijrn  steel  tape.        d.     circumference  rule. 

(^107)     Tho  hl.ulf*  of  a  combination  set   is  held  to  the  various 
hoad.'H  by   \  i]o 


eeriterhead  and  thumb  screw, 
'i.     central  groove  and  locknut. 

^"^0  degree  and  ^45  degree  angles  • 
■       .^Lv»t  in  the  head  and  the  set  screw. 

C^07)     The  main  use  of  the  framing  square  in  the  metal  shop  is 


a.  tran-.fer  or  duplicate  angles. 

b.  locate  roof  stack  location  in  a  roof. 

c.  assist  the  carpenters  under  heavy  workloads. 

d.  chock  corners  on  sheet  metal  for  squareness. 

(no8)  Which  one  of  the  following  best  identifies  equipment  that 
ean  be  used  as  layout  tools? 


a.     Plumb  and  chalk  line. 

h.     Protractor  and  triangles. 

Irregular  curves  and  trammel  points, 
d.     All  of  the  above. 
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(^108)    What  are  the  layout  tools  uned  primarily  in  the  shop? 

a.  Steel  rule,  T-square,  and  divider. 

b*  Divider,   framing  square,  pencil  compass. 

c.  Architect's  scale,   triangle,  and  calipers. 

d.  Framing  square,  pencil  compass,  and  hermaphrodite  calipers. 

15.  (^08)     What  shop  layout  tools  are  most  often  used  to  transer 
measurements? 

a,  T-square  and  triangles.  c.     Dividers  and  pencil  compass- 

b.  Steel  tape  and  T-square.         d.     Architect's  scale  and  dividers. 

16.  (M09)     When  making  the  pat, tern  of  a  sheet  metal  component,  what 
ir.  the  first  step? 

a.  Develop  the  true  length  charts. 

b.  Develop  the  stretchout  pattern. 

c.  Determine  the  method  of  layout  to  be  used- 

d.  Obtain  measurements  and  description  of  components. 

17.  (^09)     Drawings  which  show  sheet  metal  components  in  flat  or 
strectched  out  position  are  called. 

a.  a  precision  pattern  layout. 

b.  a  half  pattern  layout. 

c.  a  stretchout  of  the  elevation. 

d.  none  of  the  above. 

18.  (^410)     How  many  half  plan  views  will  you  need  to  draw  when  developing 
a  pattern  for  a  T- joint  that  has  an  eight  inch  main  pipe  and  a 

four  inch  collar? 

a-     One-  c.  Throe- 

Two-  d.     Two  of  each  size. 

19-     (^HO)     How  will  the  cross  section  of  each  end  of  a  component 
developed  by  the  parallel  line  method  compare? 

a.  The  same  shape,  but  different   in  size. 

b.  The  same  are?a ,   but  different  In  shape - 

c.  The  same  shape,  but  different  areas. 

d .  The  same  shape  and  areas . 

20.     (^411)     What  must  be  perpendicular  to  the  base  of  each  cover  or 
pyramid  developed  by  the  radial  line  method  of  layout? 

a.  Vertex-  c-     Slant  height. 

b.  Center  line.  d.     Stretchout  line. 


('HI)     A  oono  with  the  top  out  ovr  para  11  ol    to  tJu    hano  or  on 

an  anglo  la  identified  as  a 

a,  right  cone.  c.     regular  frustum. 

b.  truncated  cone.  d.     irregular  frustum. 

(^11)    What  is  the  unusual  feature  of  a  tapering  roof  collar  as 
compared  with  the  regular  and  irregular  frustums? 

a.  There  are  two  frustums. 

b.  There  is  no  difference. 

c.  The  top  is  cut  on  an  angle. 

d.  The  bottom  is  cut  on  an  angle. 

True  length  charts  are  required  for  which  method  of  layout? 

a.  Radial  line.  c.     Triangulation . 

b.  Parallel  lino.  d.     All  of  the  above. 

(412)  How  many  true  length  charts  are  necessary  to  lay  out  a 
square  to  square  twisted  pattern? 

3-     One.  c.  Three. 

^-     '^o-  d.  Four. 

(413)  Seam  allowances  or  additions  must  be  added  to  all  sheet 
metal  patterns  before  they  are 

a.  laid  out.  c.     formed  and  assembled. 

b.  cut  out.  d.     installed  in  a  system. 

(413)  What  ii5  the  seam  allowance  for  one  end  of  a  duct  section 
that    is  to  be  assembled  with  S  and  drives? 

3/8  inch.  c.     15/16  inch, 

b.     1/2  inch.  d.     1   1/8  inch. 

(414)  To  transfer  break  lines  fr-om  a  template  to  metal  sheet, 
ur^f)  a 

a.  pencil.  c.     prick  punch. 

b.  scribe.  d.     sharp  center  punch. 

(415)  Where  is  the  bend  allowance  computed  on  thick  plate? 

a.  Outside  of  the  bend.  c.     Neutral  axis. 

b.  Inside  of  the  bend.  d.     Bend  mold  line. 

(415)    What  is  the  longer  part  of  a  formed  angle  called? 

a.     Flange.  c.  Web. 

^-     ^-^8-  d.  Flat. 
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30.     ('»16)    What  two  factors  must  be  known  to  compute  a  bend  allowance? 

a.  Degree  of  bend  angle  and  material  composition. 

b.  Degree  of  bend  angle  and  the  radius  of  the  bend. 

c.  Material  composition  and  radius  of  the  bend. 

d.  Length  of  the  neutral  axis  and  degree  of  tne  bend. 

31 »     (^16)     Uging  the  formula  ba  =  r  X  ©  compute  the  bend  allowance 

for  a  90    bend  made  in  ^/^  inch  plate,  with  a  1/U  inch  bend  radius. 

a.  .475.  c.  .625. 

b.  .588.  d.  .755. 

32.  (417)     What  is  the  seam  allowance  for  a  1/^  inch  outside  lap 
seam? 

a.  "^wice  the  seam  lap. 

b.  Three  times  the  seam  lap. 

c.  Twice  the  seam  lap  plus  the  thickness  of  metal. 

d.  Twice  the  seam  lap  plus  three  times  the  metal  thickness. 

33.  (417)     How  is  an  offset  lap  seam  formed? 

a.  Bend  one  side  25-30  degrees  and  the  other  over  a  spacer. 

b.  Bend  one  side  30-35  degrees  and  the  other  over  a  spacer. 

c.  Bend  40-45  degrees,  then  back  40-45  degrees. 

d.  Bend  45-60  degrees,  then  back  45-60  degrees. 

34.  (4 18)    Lock  searas  are  fastened  by  being 

a.  formed  around  each  other.       c.     soldered  and  screwed. 

b.  lapped  and  spot  welded.  d.     none  of  the  above- 

35-     (419)     The  seam  allowance  of  a  1   1/2  inch  standing  seam  in  16 
gage  metal  is 

a.  3.00  (3)  inches.  c.     4.25  (4  1/4)  inches. 

b.  3.50  (3  1/2)  inches.  d.     4.62  (4  5/8)  inches. 

36.     (419)     How  is  the  sean  allowance  for  r  stranding  seam  added  to 
the  pattern? 

a.  Equal  amounts  to  each  half. 

b.  The  full  seam  allowance  to  each  lalf. 

c.  More  to  one  half  than  the  other- 

d.  One  half  the  allowance  to  each  half. 
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('419)     Standing  seamr.  are  normally  used  in  duct  fabrication  to 
connect  end  capr,  and  stiffen 

a.     bottom:?   t.o  rvo  tan^?:ular  panis. 
the  sldf^r.  of  reritangular  duet. 

c.  take  off  fittings  for  a  branch  line. 

d.  :>idG  neam  of  a  cylinder  or  vent  ntack. 

(^\?0)     The  firr.t  step  in  forming  a  grooved  seam  is  to 

a.  adjust  the  bar  folder  for  the  width  of  the  seam. 

b.  turn  on  the  Pittsburg  lock  forming  machine. 

c.  turn  the  edges  of  the  metal   180  degrees. 

d.  adjust  the  cornice  brake  for  the  metal  thickness. 

(^21)     The  corner  double  seam  is  used  to 

a.  make  a  neat  branch  line  connection. 

b.  make  a  water  tight  connection. 

c.  seam  bottoms  on  cylinders. 

d.  seam  some  duct  work. 

m22)     The  Pitt55burg  lock  seam  is  used 

a.  to  connect  the  corner  of  rectangular  duct. 

b.  for  the  connection  of  a  branch  "line. 

c.  witht  grooved  seam  on  round  duet. 

d.  on  most  overhead  hoods. 

i^y:.')     After  setting  the  machine,  which  one  of  the  following 

in   the  most   important  .step  in  using  a  Pittsburg  lock  forming  machine 

'^^     Keep  the  metal  flat.  c.     Start  the  metal  straight, 

r^.     Mold  the  metal  tight.  d.     Let  the  metal  start  itself. 

{^»'^3)     The  principle  of  a  dovetail  seam  is  that  a  cylinder 

a.  is  held  to  a  flat  surface  by  alternating  tabs, 

b.  is  held  to  a  flat  surfact  by  all  tabs  bent  on  one  side. 

c.  or  round  dnct  is  attached  to  a  flat  surface  with  a  clip. 

d.  or  tapering  item  ir>  held  to  a  flat  surface  with  cleats. 

(^\2U)     Recommended  Joint  and  bracing  for  a  galvanized  iron  ?^ 
Kage  duct,  P3  inch  wide  and  35  inch  centers  consists  of 

a.     standing  S^slip  and  drive  slip  with  cross  brake, 

h.     standing  S^slip  and  drive  slip  with  1X1X1/8  inch  angle 
iron  on  48  inch  centers. 

c.  flat  S-slip  and  drive  slip  with  1X1X1/8  inch  angle  iron 
on  48  inch  centers, 

d.  standing  S-slip  and  drive  slip  with  1    1/2X1    1/2  X  1/8  inch 
angle  iron  on        inch  centers. 
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(425)     To  fabricte  a  standing  S-:,llp,   it  is  nocossary  to 


a.  bend  the  S  section  first. 

b.  turn  the  pattern  over  twice. 

c.  bend  the  standing  section  last. 

d.  turn  the  pattern  over  only  once  to  make  the   180  degree  downward 
bend . 


('126)     Drive  slips  are  used 


on 


a.  stacks  and  ventilator  systems. 

b.  rectangular  shaped  duct  systems, 
o.  tapered  fittings  for  duct  systems. 

d .  round  a ir  cond  it  ion i  ng  and  heating  systems . 

46.  (426)     Drive  slips  are  cut  with  45  degree  angles  on  one  end 

a.  so  they  can  be  installed  with  less  effort. 

b.  so  they  can  be  bent  over  with  less  effort. 

c.  to  allow  the  necessary  joint  clearance. 

d.  to  make  forming  easier. 

47.  (427)     On  a  duct  joint,   the  drive  slips  are  held   in  place 

a.  with  nails, 
with  spot  welds. 

c.  by  sheet  metal  screws. 

d.  by  bending  the  ends  over  the  duct. 

48.  (4?B)     The   first,  step  used  to  form  a  tapped  connection   is  to 

n.     cross  brake.  c.     match  the  seams. 

b.  form  the  corners.  d.     form  the  Pittsburg  lock  seam. 

4^ .     (428)     Sections  of  round  duct  such  as  vents,   stacks  and  branch 
lines  should  be  Joined  with  a 

a.  slip  joint.  c.     double  lock  seam. 

b.  V-grooved  lock  seam.  d.     dovetail   lock  seam. 

50.  (429)     The  diameter  of  an  electrode  for  a  spot  weld  should  be 

a-  four  times  the  thickness  of  one  of  the  pieces  being  welded. 

b.  three  times  the  thickness  of  tiie  metal  being  welded. 

c.  twice  the  distance  of  the  seam  allowance. 

d.  twice  the  thickness  of  the  metal  being  welded. 

51.  (429)     The  nrtHm  nllowanee   for  a  :;pot  wold«*d   -uvim    is  eqij;i  I  \j» 

a.  t.wlne  th«?  diameter  of  the  weld. 

b.  three  times  the  diameter  of  the  weld. 

c.  one  quarter  of  an  inch  from  the  edge. 

d.  four  times  the  thickness  of  the  material  being  welded. 
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(^30)    Air  turbulence  in  a  duct  is  the 


a.  affect  of  the  duct  being  too  large. 

b.  affect  of  the  duct  being  too  small. 

c.  tendency  of  air  to  whirl  and  move  in  different  directions. 

d.  tendency  of  air  to  travel  in  a  straight  line. 

53.     (^31)     What  areas,   if  any,  should  you  identify  to  diagnose  trouble 
spot.s  in  air  duct  systems? 

a.  Areas  that  have  a  rough  surface  inside. 

b.  Ducts  that  are  longer  than  necessary. 

c.  Ducts  that  are  more  rectangular  than  square. 

d.  All  of  the  above, 

5^.     (431)     When  figuring  radius  ratio  for  square  or  rectangular 
elbows,   the  width  should  be  the 

a.  shorter  of  the  two  dimensions  of  the  duct. 

b.  dimension  that  equals  the  height  of  the  duct. 

c.  dimension  that  lies  in  the  same  plane  as  the  radius  of  the 
elbow. 

d.  dimension  that  lies  in  the  same  plane  as  the  width  of  the 
duct. 

(U32)     In  a  rectangular  duot  elbow  with  an  inside  radius  of  12 
inches  and  a  width  of  36  inches,  you  should  install 

a.  one  splitter  12  inches  from  the  inside  radius. 

b.  two  splitter.^,   I;?  inches  apart. 

c.  throe  splitters,   9  inches  apart. 
no  splitter's. 

('.'33)     Dampers  are  used  in  duct  systems  to 

a.  increase  the  flow  of  air.      c.     vary  the  volume  of  airflow. 

b.  restrict  the  flow  of  air.      d.     increase  the  volume  of  airflow* 

57.     (^33)    Where  and  why  are  an  access  hole  and  cover  plate  placed 

in  a  due-:? 

a.  at  louver  dampers,  so  inspection  and  maintenance  can  be  performed, 

b.  At  fire  dampers,   so  a  fire  extinguishing  agent  can  be  injected 
into  the  duct  system. 

c.  At  dampers,   so  inspection  and  maintenance  can  be  performed. 

d.  At  butterfly  dampers,   so  they  can  be  adjusted. 
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The  functior   of  a  ceiling  diffuser  or  register  is  to 

a.  cover  return  air  openings. 

b.  regulate  the  a*?  •  volume  in  a  room. 

c.  cover  the  duct  op'^nir:;  in  a  room  and  disperse  air. 

d.  cover  the  duot  opeLing  in  a  room  and  control  air  volume. 

(U35)  What  type  seam  is  best  suited  for  a  orner  seam  on  an 
air  duct? 


a.  Pittsburg  lock  seam.  c.     Single  lock  seam. 

b.  Flanged  lock  seam.  d.     Double  lock  seam. 

('435)  What  type  bracing  is  used  for  ducts  that  are  less  than 
?U  inches  wide? 


a.  Cross  break. 

b.  1   inch  standing  seam,  60  inch  on  center • 

c.  Flat  S-slip  onljr. 

<1.     3.U  inch  standing  seam,  U8  inch  on  center. 

(M36)    What  material  is  used  to  fabricate  heating,  cooling,  and 
ventilating  ducts? 

a.  Tin  plate.  c.     S-O  aluminum  sheet. 

b.  Bonderized  sheet.  d.     Galvanized  sheet  iron. 

(^37)  On  each  end  of  a  duct  section,  how  much  allowance  is  required 
for  the  o^and-drive? 

a.  1/?  inch.  c.     1  inch. 

b,  3/U  inch.  d.     1   ^/^  inch. 

(^138)     The   last  step  in  determining  size  and  quantity  of  materials 
for  n  duct  system  ir> 

a.  layout  the  plenum  tap. 

b.  layout  all  of  the  S-and-drive  slips. 

c.  complete  the  flexible  connection. 

d.  cut  the  braces  from  left  over  material. 

(^39)     Which  of  the  following  is  included  in  the  preliminary 
planning  breakdown  of  the  systems? 

a.  Quantity  and  sheets  needed,  c.     Size  of  sheets  needed. 

b.  Kind  of  material  needed.         d.     All  of  the  ;?bove. 

Ci^O)     How  many  6-inch  X  36~inch  pipe  patterns  can  be  cut  from 
a  piece  of  metal  36  inches  X  60  inches? 

n.     Three.  c.  Six. 

b.     Four.  d.  Ten. 
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66.  (HHO)    Why  would  branch  line  lengths  vary  in  different  rooms? 

a.  Some  branch  lines  carry  more  air  volume. 

b.  Because  of  transitions  in  the  trunk  lines, 
o.  The  center  line  of  the  trunk  line  varies, 
d.  Because  of  the  size  of  the  rooms. 

67.  (UUl)     What  are  the  two  types  of  grilles  used? 

a.  Wall  and  door  grilles.  c.     Door  and  ceiling  grilles. 

b.  Wall  and  ceiling  grilles.      d.     All  of  the  above. 

68.  (i4i4?)     What  method  is  used  to  layout  a  rectangular  duct  Joint? 

a.  Parallel  line  method.  c.     Radial  lino  method. 

b.  Triangulation  method.  d.     Trimulation  method. 

(4^3)     How  does  the  length  of  the  curved  portion  of  a  turn  vane 

compare  to  the  straight  portion? 

a.  1/2  as  long.  c.     11/2  times  as  long. 

b.  Equal.  d.     Twice  as  long. 

What  length  of  a  piece  of  metal  can  be  cut  by  setting 
the  front  gage  of  the  squaring  shears? 

a.  PJ\  Inches.  c.     48  inches. 

b.  36  inches.  d.     60  inches. 

7«.     (HHH)     When  cutting  slits  and  notches,  what  type  cutter  has  more 
leverage  and  requires  less  effort? 

-n-     Throat  less  shears.  c.     Portable  unishear. 

r-'iation  snips.  d.     Straight  snips. 

72.  (4^15)     To  form  a  rectangular  duct  joint,  use  a 

a.  Pittsburg  lock  forming  machine. 

b.  bar  folder  and  slip  roll  forming  machine. 

c.  box  cuid  pan  break  and  turning  machine. 

d.  bench  plate  and  stakes. 

73.  (446)     Center  line  can  be  determined  from 

a.  the  side  and  top  of  the  duct. 

b.  a  chalk  line  on  the  ceiling  joints. 

c.  plan  view  and  elevation  view  drawings. 

d.  detail  views  and  elevation  view  drawings. 


331 
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7^.  Which  one  of  the  following  is  a  key  point  about  duct  Installatl 

a.  Maintain  a  vertical  and  horizontal  center! ine. 

b.  Install  the  hangers  before  you  install  the  flexible  connection. 

c.  Mintain  a  vertical  height  of  at  least  20  inches. 

d.  Install  the  top  braces  first. 

75.  (^48)     Items  placed  on  openings  in  a  duct  system  are 

J.  registers,  grilles,  and  diff users. 

b.  diffusers,  butterfly  dampers,   and  grilles. 

c.  registers,  grilles,  and  inspection  plates. 

d.  butterfly,  louvered  and  splitter  dampers. 

76.  (^448)     Ease  of  installation  of  diffusers  is  accomplished  when 

a.  the  round  duct  ends  are  flush  with  the  ceiling. 

b.  the  round  duct  has  a  2/8  inch  flange  turned  out. 

c.  tabs  have  been  installed  on  the  duct. 

d.  extra  long  screws  are  supplied. 

77.  (449)     Which  one  of  the  following  best  describes  when  an  air  conditionini 
duct  system  needs  repair? 

a.  Insulation  is  removed  or  torn. 

b.  Fire  has  damaged  the  system. 

c.  Condensation  and  rust  cause  holes. 

d.  All  of  the  above  are  true. 

78.  (449)     If  the  backside  of  a  duct  repair  is  not  accessible  for 
bucking  solid  rivets,  you  should  use 

a.  sheet  metal  screws. 

b.  spring  nuts. 

c.  self -sticking  patches, 
o.  overlaping,  self-locking,  patch. 

79.  (450)     Wind  will  cause  a  stack  or  vent  to  draw  if  the  opening 
of  the  stack  or  vent  is  located 

a.  even  with  or  above  the  ridge  of  the  roof. 

b.  even  with  or  below  the  ridge  of  the  roof. 

c.  where  the  wind  can  blow  straight  across  it. 

d.  where  the  wind  will  not  hit  it  straif^ht  on. 

80.  (450)     The  updraft  of  stacks  and  ventilators  is  affected  by  the 

a.  wind  velocity  alone. 

b.  outside  air  temperature. 

c.  velocity  and  direction  of  wind. 

d.  direction  of  the  prevailing  wind. 
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(U51)    Which  one  of  the  following  best  describes  how  double  wall 
stack  components  are  constructed? 

a.  The  outer  wall  will  not  overheat* 

b.  An  airspace  prevents  condensation* 

c*     The  inner  wall  will  resist  corrosion, 
d-     All  of  the  above. 

(451)     A  storm  collar  is  the  part  of  a  stack  assembly  that 

a.  prevents  leakage  around  the  top  of  a  roof  Jack. 

b.  prevents  rain  from  entering  the  vent  or  stack. 

c.  keeps  the  vent  cap  and  wind  ring  in  place. 

d.  keeps  weather  from  entering  through  the  hole  in  the  roof. 

(U5?)     The  first  step  to  develop  the  pattern  for  a  vent  cap  is 
to  layout  the 

a.  braces  fro  the  top. 

b.  elevation  view  of  the  top. 

c.  ring  for  the  weather  cap. 

d.  collar  for  the  base  of  the  cap. 

(U52)     Which  one  of  the  following  best  describes  how  the  ceiling 
thimble  is  developed? 

a.  Spot  weld  the  rings  to  the  sleeves. 

b.  Spot  weld  the  tabs  to  the  sleeves. 

c.  Make  two  rings,   two  sleeves,   and  four  tabs. 

d.  All  of  the  above. 

(453)  When  assembling  a  ceiling  thimble  what  is  used  to  attach 
1  hf*  ring  to  the  sleeve? 

a •     oo 1 der .  c .     Grooved  seam . 

h.     Spot  wold  or  rivet.  d.     Sheet  metal  screws. 

(454)  The  turbine  (spin  cap)  ventilator  pvU^  air  from  the  building 


a.  the  wind  blows  across  the  vane  and  causes  it  to  rotate. 

b.  there  is  a  temperature  difference  in  the  inside  and  outside 
of  the  building. 

c.  the  vane  is  rotated  by  an  electric  motor, 
d-     the  damper  is  closed  by  hand. 


when 
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87.     (454)    A  main  point  to  remember  when  Installing  a  power  ventilator 
is  that 

a.  the  damper  must  be  left  open. 

b.  effectiveness  depends  on  the  wind. 

c.  the  automatic  louver  must  work  freely. 

d.  the  damper  should  be  installed  at  a  45°  right  angle. 
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Preface 


YOU  HAVE  NOW  progressed  to  Volume  4  of  CDC  55252.  We  would  like  to  give  you  a 
*'pat  on  the  back"  for  satisfactory  progress  up  to  this  point.  We  want  to  encourage  you  to 
continue  with  your  fine  effort.  After  this  volume,  you  have  only  three  more  to  complete. 
Then,  you  will  be  in  a  position  to  try  for  upgrading  to  the  5  skill  level. 

In  this  volume,  we  present  information  on  installing,  fabricating,  and  repairing  such 
things  as  fixed  utility  equipment,  awnings,  canopies,  metal  roofs,  and  doors  (overhead 
aad  sliding).  With  this  volume,  you  will  have  received  most  of  the  technical  knowledge 
needed  lo  perform  sheet  metal  work. 

Code  nr.  :ibers  appearing  on  figures  are  for  preparing  agency  identification  only. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this  volume 
to  the  course  author:  TTOXC,  ATTN:  MSgt  Arnold  D.  Ringstad,  Sheppard  AFB  TX 
76311.  If  you  need  an  immediate  response,  call  the  author,  AUTOVON  736-2879 
between  0800  and  1600  (CST),  Monday  through  Friday.  (NOTE:  Do  net  use  the 
suggestion  program  to  submit  changes  or  corrections  for  this  course.) 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  Ed's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioial  Objective  Exercises, 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learnmg  Objectives  Each  of  these 
carr  «  a  idigit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you  The  text  .ha  follows  the 
obVecUve  grvS  you  the  information  you  need  to  reach  that  goal.  The  exercises  follomng  the  .nformat.on 
give  you  a  check  on  your  achievement.  When  you  complete  them,  see  if  your  answers  match  those  m  the 
back  of  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text. 


Fixed  Utility  Equipment 


^^HAPTER,  we  will  discuss  the  fabrication, 
staliation,  and  repair  of  indoor  and  outdoor  fixed 
utility  equipment.  Indoor  fixed  utility  equipment 
includes  such  items  as  exhaust  hoods  and  serving  line 
equipment.  Outdoor  fixed  utility  equipment  includes 
such  items  as  metal  awnings  and  canopies. 

Fabrication,  installation,  and  repair  of  fixed  utility 
equipment  involves  techniques  you  have  already 
learned  about  in  this  course:  pattern  layout  and 
cutting,  notching,  forming,  assembly,  and  installation 
procedures.  In  this  volume,  you  will  learn  how  to  apply 
some  of  these  techniques  to  stainless  steel,  which  is 
used  in  many  items  of  indoor  fixed  utility  equipment. 

The  fixed  utility  equipment  discussed  in  this  chapter 
is  typical  of  what  you  will  work  with  in  your  job,  and 
the  procedures  to  discussed  will  be  similar  to  those  you 
actually  follow  on  the  job.  What  you  learn  about  these 
items  will  help  you  fabricate  and  install  similar  jobs 
more  quickly  and  efficiently. 


1-1.  Hoods 

Hoods  are  used  to  capture  fumes  and  gases  from 
cooking  ranges,  coffee  urns,  diswashing  machines,  and 
paint  spray  booths.  The  hood  collects  the  air,  which  is 
carried  away  through  a  duct  by  exhaust  fan  suction. 

600.  Identify  construction  features  of  hoods, 
tncli?^»ng  horizontal  dimensions. 

f    I  age  of  air  pickup,  the  range  hood 

^hr'^-  beyond  the  sides  of  the  range 
the  front.  Hoods  are  usually 
ixiaUc  «  j  i^age  stainless  steel  and  have  grease  filters 
that  can  be  removed  for  cleaning.  The  inside  bottom 
edge  of  the  hood  has  a  flanged  edge  (lip)  that  acts  as  a 
grease  collector  or  trap.  One  corner  of  this  grease  trap 
has  a  drain  plug  for  draining  any  grease  that  collects. 
Figure  1-1  shows  the  location  and  shape  of  the  grease 
trap.  You  will  encounter  hoods  of  various  sizes  and 
shapes;  however,  the  fabrication  and  installation  is 
similar  to  that  for  the  one  shown  in  figure  1-1. 


Hoods  are  usually  supported  by  adjustable  hangers 
so  that  a  corner  can  be  lowered  to  allow  the  grease  to 
drain  from  the  plug.  Hood  hangers,  like  duct  hangers, 
are  fastened  to  the  ceiling  joists  and  are  made  of  flat 
bar,  rod,  or  chain.  A  turnbuckle  or  device  with  similar 
purpose  is  used  for  adjusting  the  height  of  the  front 
corners  of  the  hood. 

Fabrication  of  hoods  from  stainless  steel  is  similar  to 
fabrication  of  other  sheet  metal  components,  except 
that  stainless  steel  is  a  harder  metal  and  its  polished 
surface  scratches  easily.  Some  manufacturers  apply  an 
adhesive  paper  to  the  surface  of  stainless  steel  sheets 
for  scratch  protection.  During  layout  and  fabrication, 
pencil  lines  marked  on  the  paper  can  be  seen  better 
than  marks  on  the  surface  of  the  steel.  For  scratch 
protection,  leave  this  paper  on  the  metal  until  the 
component  is  assembled  and  installed. 

To  fabricate  a  hood,  you  need  to  know  the 
dimensions  and  shape.  Figure  l-l  shows  pictorial 
views  and  details  of  a  hood  that  measures  8  feet  long 
and  30  inches  wide.  It  has  a  filter  that  fits  inside  the 
collar,  and  a  drain  plug  in  one  corner  of  the  grease  trap. 
The  collar  at  the  top  of  the  hood  where  the  exhaust 
duct  connects  is  2"x  1 2"x  20".  The  corners  of  the  grease 
trap  and  the  standing  seams  are  secured  with  Monel 
rivets. 

Exercises  (600): 

1.  How  far  should  the  hood  extend  beyond  the  sides 
and  front  of  the  range? 


2.  vv  hat  type  of  metal  are  hoods  usually  made  of? 


3.  How  are  the  corners  of  the  grease  trap  and  standing 
seams  secured? 


33i 


530-3992 

^i^!Ulc  I   I    (>ictori:il  view  of  a  hii(id 


ERIC 


392 


601.  List  the  steps  for  laying  out  a  hood  pattern,  and 
state  important  aspects  of  hood  layout. 

Pattern  Layout  for  a  Hood.  In  f  igur  e  I  - 1 .  you  can  see 
that  the  hood  is  shaped  somewhat  like  a  transition. 
You  should  remember  from  (Volume  3  the 
triangulation  method  of  layout  that  is  used  to  de^  'op 
patterns  for  transitions.  A  verv  similar  -^thod  d 
to  lay  out  the  pattern  for  -    -  nood  caa  be 

made  in  four  pieces,  as  suoun  in  tigures  1-2  and  i-3. 
Notice  that  the  front,  back,  and  two  sides  will  each  be 

one  piece.  . 

A  plan  view  of  the  transition  is  required  so  that 
certain  points  can  be  transferred  to  the  true  length 
chart.  The  height  of  the  true  length  chart  in  figure  1-2  is 
24  inches,  which  is  the  vertical  distance  from  the  6-inch 
skirt  to  the  collar.  (The  6-inch  skirt  is  an  addition  to  the 
pattern  and  is  not  shown  in  figure  1-2.)  To  draw  the 
plan  view,  draw  (to  scale)  a  rectangle  8  feet  long  and  30 
inches  wide.  Draw  the  12"x  20"  outlet  at  the  center.  A 
good  way  to  find  the  center  is  to  locate  the  middle  of 
each  side  of  the  S'x  30"rectangle  and  draw  lines  F-E 
and  1-6.  These  lines  cross  at  the  center  of  the  large 
rectangle.  On  line  1-6,  markoff  6  inches  (half  the  width 
of  the  small  outlet  rectangle)  on  each  side  of  the  center; 
on  line  F-E,  mark  10  inches  (half  the  length)  on  each 
side  of  the  center.  Then,  draw  the  sides  of  the  small 
rectangle  through  these  points,  as  in  figure  1-2.  After 
the  two  rectangles  are  drawn  and  numbered  as  shown 
in  figure  1-2,  draw  connecting  lines  between  the  letters 
and  numbers. 

The  next  step  in  developing  the  patterns  is  to  find  the 
true  length  of  the  lines  between  the  rectangles  of  the 
plan  view.  Begin  the  true  length  chart  with  a  90  angle 
which  has  the  vertical  leg  24  inches  high  to  represent 
the  vertical  height  from  the  skirt  to  the  collar.  Use 
dividers  (or  trammel  points)  and  measure  the  lengths 
of  lines  1-2  and  6-5  on  the  plan  view.  These  lines  should 
be  the  same  length.  Transfer  this  distance  (the  length  of 
line  1-2)  to  the  base  of  the  r^e  le-.th  cb:v  . 
ntr:><;iiring '    it-  '  "^^^^    ^     ^cci-  as 

Dru.s  unc  om  point  1 .6  on  the  baseline  to  the  top 
of  the  24-inch  vertical  line.  Mark  this  top  end  point  as 
2  5  to  identify  the  vertex  point.  The  length  of  slant  line 
r6\o  2,5  is  the  true  length  of  the  front  and  back  pieces 
for  the  hood.  Next,  transfer  the  distance  from  3  to  E  (or 
4  to  F)  to  the  true  length  chart,  draw  the  slant  line,  and 
label  the  bottom  end  3,4  and  the  top  end  E,F.  This  slant 
line  is  the  true  length  of  the  two  side  pieces  of  the  hood. 

Next,  transfer  the  distance  from  point  2  to  ^oini  A 
to  the  true  length  chart,  draw  the  slant  line,  and  label 
the  ends.  This  line  is  the  same  for  2-B,  5-C  and  5-D.  1 
will  be  used  later  to  develop  the  pattern  for  the  front 
and  back.  Transfer  line  3-B  (or  4-A)  to  the  true  length 
chart,  draw  the  slant  line,  and  label  it.  On  the  true 
length  chart,  do  not  confuse  3-B,  4-A,  on  the  left,  with 
3-E  4-F  on  the  right.  The  last  line  to  be  transferred  is 
7-A,  which  is  the  true  length  of  the  edge  of  the  pattern 


along  the  standing  seams.  All  four  corner  lines  should 
be  the  same  length. 

Patterns  for  the  front  and  back.  The  true  length 
chart  is  now  complete  enough  to  develop  the  patterns 
shown  in  figure  1-3.  Since  the  patterns  are  idv 
except  for  bending  instructions,  only  one  pattern 
b    ieveloped.  Begin  by  drawing  a  straight  line  8  icct 
lon^  letter  one  end  A,  D  and  the  other  end  B,  C.  Notice 
how  this  line  corresponds  to  lines  AB  and  DC  in  the 
plan  view  of  figure  1-2.  Label  the  midpoint  1,6.  The 
length  from  AD  to  1,6  represents  line  A-1  on  the  plan 
view  of  figure  1-2.  Then,  set  the  dividers  (or  trammel 
points)  to  the  length  of  line  A-2  in  the  plan  view. 
Transfer  it  to  the  pattern,  with  one  end  at  point  AD 
and  the  other  end  precisely  above  point  1,6.  Draw  a 
short  arc  above  point  1,6.  Keep  the  same  setting,  move 
the  AD  tip  of  divider  to  point  BC.  Swing  another  arc 
precisely  above  point  1,6.  The  point  where  these  two 
arcs  meet  is  point  2,5. 

Next,  transfer  line  1-2  from  the  true  length  chart  to 
the  pattern;  the  top  of  this  line  should  be  at  point  2,5. 
Connect  points  1,6  and  2,5  with  a  dashed.  This  is  the 
height  (slant  height)  of  the  front  and  back  pieces  of  the 
pattern.  Draw  a  20-inch  line  through  point  2,5,  parallel 
to  Mm  AD-BC.  Transfer  the  length  of  line  2-8  from  the 
plan  view  to  the  20-inch  line  of  the  pattern.  With  one 
end  at  point  2,5,  swing  an  arc  on  both  sides  of  point  2,5. 
The  arcs  establish  points  7,10,  and  8,9,  which  are  end 
points  for  the  20 -inch  sides  of  the  collar.  Next,  transfer 
the  length  of  line  A-7  from  the  plan  view  to  make  lines 
A-7  and  B-8  on  the  pattern.  This  completes  the  pattern, 
except  for  the  additions  and  seam  allowances. 

The  additions  and  seam  allowances  for  the  front  and 
back  pattern  shown  in  figure  1-3  are  made  from 
information  contained  in  the  pictorial  views  of  figure 
1-1.  Make  the  additions  below  the  8-foot  line  on  the 
pattern,  as  follows:  6  inches  for  the  skirt,  2  inches  for 
the  lip  of  the  grease  trap,  Vi  inch  for  the  fin  \!        '  ^ 
grease  trap,  and  7/ 16  inch  for  the  hem.  At '^^      i  ^^vv 
r  :  ncTn,  make  ^  2-inch  addition  for  the  coi.  akea 
!!ich  allowance  on  each  side  ^or  the  9C  lange 
portion  of  the  standing  seam.  T'    iiext  step  is  to  write 
the  bend  instructions  for  the  :  nes  on  the  pattern. 
Notice  that  figure  1-3  has  bending  instructions  for  the 
back  pattern,  a  statement  that  the  bends  for  the  front 
pattern  are  opposite. 

Notches  for  the  front  and  back  pattern  are 
somewhat  different  from  those  for  other  patterns 
discussed  previously  in  this  course.  Notice  in  figure  1-3 
that  the  2-inch  addition  for  the  grease  trap  is  notched  at 
each  end  and  that  the  same  addition  on  the  side  pattern 
is  not  notched.  The  reason  for  this  is  that  when  the 
corners  are  joined,  the  45^  cut  will  be  on  the  outside  of 
the  lap  joint,  and  the  mitered  cut  makes  a  more 
attractive  corner.  (Figure  1-1  shows  how  the  finished 
corner  looks  and  where  the  rivets  are  locate'  '  Notice 
that  the  '/2-inch  flange  addition  and  the  7  '  l  ^  .  h  hem 
allowance  (in  fig.  1-3)  are  notched  at  90""  so  that  they 
will  make  butt  joints  when  the  corners  are  joined.  The 
2-inch  allowance  for  the  collar  has  90^  notches.  The 
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standing  scam  allowance^  on  the  front  and  back  pattern 
IS  slant  notched  at  each  end 

Patterns  for  the  skies.  The  pattern  tor  the  two  sides 

o    kfnr?\  V'^'''^^''""'''^^  "'^  'r^"-'  '«  "^th  chart 

o  figure  1-2.  usini;  procedures  similar  to  tho  „s,-d  to 
make  the  front  and  back  patterns.  The  coiui,.  -  J 
- 'Horn  forthesides  is  shown  in  figure  i-.r  MnohuL-s 
the  u.n!.-,s!ons.  additions,  seam  allouaiu  bend 

iHru,-..?''.''  '.''"'^,"'''.'''^'"*?  "'^t'l'ctions,  T'e  pattern 
n  ;   '        "  '  '^"^  '^"^'^    Vuain.  the 

u     a  I;;:  „_  .     '        "  '^'-^"ti'-'al  except  for  tlie  bends. 
..  .IT!.  (•.i.p;;.,iio  to  those  ior  the  right  side. 

Kxei.  ^,601): 

I.  What  V  ;e\v  of  a  hood  must  you  draw  to  develop  the 
pattern  tor  it?  * 


2.  What  method  of  layout  is  used  l  or  making  a  hood'.' 


4.  A  1-inch  scam  allowance  is  added  for  what  part  of  a 
standing  scam? 


5.  What  instrument  do  you  use  to  transfer  lengths 
from  the  drawing  of  the  hood  to  the  pattern? 


6.  How  is  the  standing  scam  allowance  on  the  front 
and  back  notched? 


Starting  with  the  hock  paturn,  use  thecornice  brake  to 
bend  the  stanoing  seams  SO".  Then,  use  a  mallet  and 
wood  bloc'k  to  straighten  about  2  inches  of  each  seam 
near  ends  C  and  D.  This  is  necessary  so  that  the  cornice 

nvA  ^.^     no  '  '^'T''^''  is  clamped  to 

make  the  10°  end  along  line  C-D.  After  this  is  done 
make  the  180°  bend  for  the  hem  addition.  the90-  bend 
lor  the  2Mnch  grease  trap  addition,  and  the  10"  bends 
.or  the  6-inch  skirt  and  2-inch  collar  additions.  After 
all  Gf  these  bends  have  been  made,  use  a  mallet  and 
wood  block  to  reshape  the  ends  of  the  standing  scams 
which  were  temporarily  straightened  out.  Make  the 
Jront  pattern  just  like  you  made  the  hack  pattern 
except  for  reversing  the  direction  of  the  bends  and 
making  a  hole  lor  the  drain  plug  with  a  rotary  punch 
\ou   will    need   two    forming   machines   [o  bend 
he  patterns  for  the  side  pieces:  the  cornice  brake  and 
the  box  and  pan  brake.  The  bending  instructions  are 
shown  on  figure  i-3.  To  form  the  pattern  for  the  right 
side  use  the  cornice  brake  to  make  the  180°  and  80° 
bends  for  the  pocket  of  the  standing  seams.  It  i.  not 
necessary  to  temporarily  straighten  the  ends  o  the 
seam  because  the  box  and  pan  brake  will  be  used  to 
make  the  remaining  bends.  Arrange  the  fingers  of  the 
box  and  pan  brake  to  make  bends  30  inches  long  and 
then  make  the  following  bends:  180°  for  tht^  hem 
addition  90°  for  the  i/.-inch  nange  addition.  90°  for 
the  2-inch  grease  trap  addition,  and  55°  for  the  6-inch 
skirt  addition,  to  make  the  55°  bend,  vou  must  turn  the 
pattern  over  m  the  box  and  pan  brake  (along  the 
outside  end  of  the  lower  bending  leaO,  and  bend  it 
down  with  a  mallet  so  that  the  standing  seam  will  not 
be  damaged  Arrange  the  fingers  of  the  box  and  pan 
brake  to  make  a  bend  12  inches  long;  then,  using  the 
machine  only,  make  the  55^  bend  for  the  2-inch  collar 
adciion. 

Exercises  (602): 

I.  With  which  tool  do  you  cut  the  edge  of  the  standing 
seam,  and  why?  ^ 


602.  Identify  equipment  and  techniques  used  for 
cuttmg,  notching,  and  forming  hood  patterns. 

Cutting  and  Notching  Patterns  for  a  Hood.  Cutting 
and  notching  the  patterns  for  the  hood  shown  in  figure 
requires  squaring  shears  and  straight  snips  Use 

olntrnf.  ""'^''^^  ^'^g"  °f  'he  side 

patterns  and  the  front  and  back  patterns,  except  for  the 
edge  of  the  standing  seam.  If  you  cut  this  edge  selm 
with  the  squanngshears,  you  will  clip  the  corners  of  the 
^-inch  collar,  so  use  straight  snips  for  this  edge  as  well 
as  for  the  notches  on  both  patterns 

Forming  the  Patterns  for  a  Hood.  The  bending 
nstruct.ons  in  figure  1-3  are  for  the  back  s.de  and  righ? 
side    patterns    shown.    Notice    that    the  bending 
mstructions  for  the  front  side  and  left  side  patterns  are 
opposite  to  the  instructions  written  on  the  illustration' 


^'  ,T'''rno°J°",'^°         standing  seam  before  making 
the  10°  bend,  and  why?  ^ 


3.  \Vhat  two  forming  machines  do  vou  use  to  make  the 
side  pieces? 


603.  Describe  steps  and  materials  for  as sem bring  and 
mstalhng  a  hood.  ^ 

Assembly  of  a  Hood.  Now  that  the  pieces  are  cut 
notched,  and  formed,  the  hood  shown  -n  figure  i-I  can 
be  assembled.  You  can  begin  at  any  one  of  the  four 
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comers  and  insert  the  grease  trap  of  the  side  piece  iiilo 
the  grease  trap  of  the  front  (or  buck)  piece.  The  45'' 
miter  cut  on  the  front  (and  back)  piece  should  be  on  the 
outside  of  the  lap  seam.  It  is  necessary  to  hold  the  side 
piece  at  an  angle  m  order  to  insert  the  Winch  flange  into 
the  pocket  of  the  standing  seam. 

Wlion  the  two  pieces  are  joined  and  the  corners  of 
the  skin  and  collar  are  square,  use  a  small  C-clamp  or 
vise  grip  pliers  at  each  end  of  the  standing  seam  to 
temporarily  hold  it  together  while  you  assemble  the 
other  pieces.  Be  sure  to  use  cardboard  or  small  blocks 
of  wood  to  keep  the  clamps  from  scratching  the  metal. 
Continue  this  procedure  until  all  four  pieces  of  the 
hood  are  assembled.  Inspect  each  seam  and  butt  joint 
for  proper  fit,  and  when  everything  is  satisfactory, 
install  Monel  rivets  in  each  of  the  standing  seams. 

For  good  appearance  and  holding  strength,  locate 
the  first  three  rivets  as  follows:  one  at  the  midpoint  and 
one  2  inches  from  each  end  of  the  standing  seam.  Space 
the  remaining  rivets  on  8-  to  10-inch  centers.  After 
riveting,  remove  the  clamps  from  standing  seams. 

The  ne.xt  part  of  the  assembly  procedure  is  to  install 
Monel  rivets  at  the  corners  of  the  grease  trap.  Make 
sure  that  the  corners  are  square  before  you  install  the 
rivets.  Carefully  lay  the  hood  on  its  front  or  back  and 
use  a  carpenter's  square.  Install  clamps  at  each  corner 
to  hold  the  corners  until  yoi^  install  the  rivets.  You  can 
doublecheck  the  squareness  of  the  skirt  corners  by 
measuring  the  corners  diagonally.  The  diagonals 
should  be  the  same,  if  all  corners  are  square.  After  you 
are  certain  that  the  hood  is  square,  install  Monel  rivets 
in  each  of  the  four  corners  of  the  grease  trap,  as  shown 
in  figure  l-l.  Solder  the  inside  of  the  corner  lap  joint 
with  50/50  solder. 

For  the  drain  outlet,  get  a  !/2"inch  stamless  steel  pipe 
coupling  and  have  the  welding  shop  solder  it  over  the 
outlet  opening  with  silver  solder.  (Silver  solder  is  much 
stronger  than  regular  solder. 

The  two  brackets  to  hold  the  filter  are  each  made  of 
ir  .X  11"  stainless  steel  and  are  bent  35"^  along  the 
1 1  -inch  centerl  ine.  Fasten  these  brackets  to  the  sides  of 
the  hood  with  three  Monel  rivets  near  the  collar  (see 
fig.  1-1).  The  filter  rests  on  the  Vi  inch-edge  of  metal 
that  extends  into  the  opening,  and  is  removed  by 
raising  one  end  until  the  other  end  clears  the  bracket. 

The  corners  of  the  hoods  are  supported  with  hanger 
parts,  such  as  those  shown  in  figure  1  -4.  Notice  that  the 
parts  include  a  corner  connector,  turnbuckle,  rod,  and 
joist  connector.  The  corner  connector  is  made  of 
16-gage  steel,  using  the  pattern  shown  in  figure  1-4,  B, 
and  is  made  long  enough  to  extend  4  inches  above  the 
skirt  of  the  hood.  Cut  the  straight  sides  with  the 
squaring  shears,  cut  the  rounded  end  with  throatless 
shears,  punch  the  '/2Mnch  hole  with  a  rotary  punch,  and 
make  the  90"^  bend  with  a  cornice  brake.  Then,  attach 
each  corner  connector  to  the  hood  with  Monel  rivets, 
as  shown  in  view  A  of  figure  1-4. 

The  remaining  parts  of  the  hood  hanger,  shown  in 
figure  1-4,  C,  are  made  in  the  welding  shop.  You  will 
thread  one  end  of  a  y%  inch  rod  and  weld  the  other  end 
to  a  piece  of  2-inch  flat  bar  which  is  formed  to  fit  over 


the  ceiling  joist.  You  will  also  thread  a  short  piece  of 
Vs-inch  rod  at  one  end,  heat  the  other  end,  and  bend  it 
to  make  a  hook.  The  threads  on  each  piece  of  Vs-inch 
rod  must  fit  the  turnbuckle.  The  length  of  the  rods  is 
determined  by  the  distance  from  the  ceilingjoists  to  the 
desired  height  of  the  hood. 

InstaUation  of  a  Hood.  Before  hanging  a  hood,  such 
as  that  shown  in  figure  1-1,  determine  the  location 
from  tlie  drawings  or  blueprints,  then  place  the  joist 
connectors  (fig.  1-4)  over  the  ceilingjoists.  V/ith  the 
hangers  located  so  that  the  round  rod  hooks  can  be 
inserted  into  the  corner  connectors  when  the  hood  is 
raised  into  position,  have  three  or  more  workers  raise 
the  hood  and  insert  the  hooks  into  the  corner 
connectors.  Level  the  hood  by  adjusting  the 
turnbuckles;  then  slightly  lower  the  drain  corner  and 
slightly  raise  the  diagonally  opposite  corner  so  that  the 
grease  will  drain  when  the  plug  is  removed.  Use  wood 
screws  to  fasten  each  joist  connector  to  the  ceiling 
joists.  The  final  steps  of  installation  are  to  connect  the 
exhaust  duct,  to  remove  the  adhesive  paper  from  the 
stainless  steel,  and  to  install  the  filter. 

Exercises  (603): 

1.  Where  do  you  place  the  first  three  rivets  in  a 
standing  seam? 


2.  How  do  you  check  the  hood  for  squareness  before 
you  rivet  the  corners? 


3.  What  materials  arc  used  to  attach  the  corner  lap 
joint  and  the  drain  outlet  (pipe  coupling),  and  why 
are  they  different? 


4.  Once  the  hood  is  installed,  whai  adjustment  do  >  ou 
make  to  the  levelness,  and  why? 


1-2.  Serving  Line  Equipment 

Most  serving  lines  are  installed  by  contractors  when 
dining  halls  are  built.  The  serving  line  counter  shown  in 
figure  1-5  is  a  typical  piece  of  equipment  used  in  dining 
halls.  Special  equipment  is  needed  to  work  heavy-gag 
stainless  steel  and  to  polish  the  surfaces.  Your  job  is, 
normally,  to  repair  and  replace  components  made  of 
sheet  metal. 

604.  List  material  used  in  serving  line  equipment. 

The  top  of  the  serving  line  counter  is  made  of 
14-gage  stainless  (corrosion-resistant)  steel,  and  is 
fastened  to  an  angle  iron  or  channel  iron  frame  with 


39d 


3  8"  ROD 


2"  2" 

HOOD  CONNECTOR  RIVETED  TO  EACH  CORNER 


PATTERN  FOR  HOOD  CONNECTOR 


BOLT  HOLES 


ROD  WELDED  TO  FLAT  BAR 


3  8"  ROD  AND  JOIST  CONNECTOR 


530-3995 


Stainless  steel  cap  strips.  The  cap  strips  are  usually  V/. 
inches  to  ?  inches  wide,  since  the  frame  of  the  counter 
should  h.  1  X  1  inch  angle  iron  vertical  braces 
where  the  panels  are  joined.  The  cap  strips  are  fastened 
io  the  paiK  is  and  angle  iron  with  corrosion-resistant 
:;teel  bolts.  In  figure  1-6,  you  can  sec  how  a  cap  strip  is 
used  to  cover  a  butt  joint. 

1  he  three  slide  rails  for  trays  shown  in  figure  I  -5  nre 
constructed  of  1-inch  stainless  steel  tubing.  The  rails 
are  supported  by  brackets  made  from  chromium- 
-plaied  cast  brass  or  stainless  steei.  The  supporting 
brackets  should  not  be  spaced  over  4  feet  apart;  they 

are  fastened  to  the  serving  line  with  corrosion-resistant 
bolts. 

The  display  shelf  (over  the  cold  pan),  shown  in  figure 
N5,  has  three  '/4-inch  plate  glass  shelves  that  are  bound 
on  theedges  with  stainless  steel.  The  frame  uprights  are 
made  of  1  -inch  square  or  round  stainless  steel  tubing. 
The  shelves  are  usually  18  inches  wide,  and  are  as  long 
as  desired.  The  upright  supports  are  spaced  not  more 
than  42  inches  apart.  Each  shelf  is  supported  with 
%-inch  square  tubing  welded  to  the  uprights,  and 
braced  with  a  V-shaped  corner  dip.  The  corners  have 
clips  that  are  welded  to  hold  the  glass  shelves  in  place. 

The  top  of  the  protector  shelf  over  the  steamtable 
portion  of  the  counter  is  usually  made  of  stainless  steel 
16  inches  high,  8  inches  wide  at  the  top,  and  12  inches 
wide  at  the  bottom.  Thee  front  of  the  protector  shelf  is 
made  of  %  inch  glass  panels  that  are  edged  with 
stainless  steel  channel  strips.  The  shelf  is  supported  by 
chromiumplated  braces.  The  fronts  of  the  braces  are 
slotted  so  that  the  panels  of  glass  will  fit  into  place;  a 
cover  plate  with  screws  holds  the  glass  panels  securely. 
The  protector  shelf  rests  on  the  braces,  and  is  fastened 
with  bolts  that  have  been  welded  to  the  bottom  of  the 
shelf.  The  bottoms  of  the  braces  are  tapped  so  that  they 
can  be  mounted  with  bolts  through  the  counter  top. 

The  legs  of  the  counter  are  adjustable  and  are 
mounted  to  the  counter  frame.  The  legs  are  usually 
tubing  or  pipe.  If  they  are  stainless  steel,  the  tubing  is 
16  gage  and  P/s  inches  in  diameter.  If  the  legs  are 
chromium-plated  pipe,  they  are  VA  inches  in  diameter. 
The  legs  are  bolted  or  welded  to  the  counter  frame, 
depending  upon  the  type  being  used,  and  are  spaced 
not  over  48  inches  apart. 

Exercises  (604): 

1.  What  material  is  used  to  make  cap  strips  for  a 
serving  hne  counter? 


Figure  1-4.  Hanger  parts 


bolts  that  have  been  welded  to  the  underside  of  the  top. 

The  front  and  side  panels  are  made  of  lighter  gage 
metal  than  the  top,  usually  18-,  20-,  or  22-gage.  These 
panels  are  usually  4  feet  wide  (the  width  of  a  sheet),  and 
are  jomed  with  butt  joints  covered  with  14-gage 


2.  What  is  used  to  construct  slide  rails  for  trays? 
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Figure  1-5.  Serving  line  counter. 
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Figure  1-6.  Stainless  steel  cap  strip. 


3.  What  gage  and  what  diameter  tubing  is  used  for 
stainless  steel  legs  on  the  serving  line? 


605.  State  the  gage  of  stainless  steel  required  to 
replace  a  panel,  and  differentiate  between  procedures 
for  working  mild  steel  and  stainless  steel. 

Replacing  a  Stainless  Steel  Panel.  Replacing 
stainless  steel  panels  is  one  of  the  jobs  you  may  be 
required  to  do.  Therefore,  suppose  the  right  erd  panel 
of  the  counter  shown  in  figure  I  -5  needs  replacing.  The 
old  panel  should  be  removed  and  its  measurements 
taken.  To  remove  the  panel,  remove  the  corner  cap 
strips  and  any  screws  that  mav  be  holding  the  oanel  to 
the  counter  frame.  In  this  example,  the  panel  to  be 
repaired  is  30  inches  wide  and  36  inches  long,  with  a 
iVi-inch  flange  on  the  bottom  to  fit  around  the  angle 
iron  frame  of  the  counter.  Use  the  squaring  shears  to 
cut  a  piece  of  20-gage  stainless  steel  large  enough  to 
make  the  panel.  After  cutting  the  metal,  use  the  cornice 
brake  to  make  the  cross  brake  bends  and  to  make  the 
flange.  After  cutting  and  forming  the  panel,  you  are 


ready  to  install  it.  Fit  the  panel  into  place,  and  reinstall 
the  cap  strips.  Reinstall  any  other  fasteners  that  are 
used  to  hold  the  panel  in  place. 

Stainless  steel  is  both  tougher  and  more  elastic  than 
mild  steel.  Consequently,  when  cutting  and  working 
the  stainless  steel,  you  will  notice  that  the  machines 
require  more  force  to  operate  than  when  working  mild 
steel.  When  using  the  forming  equipment  in  your  shop, 
remember  that  the  capacity  ratings  of  cutting  and 
forming  machines  are  for  mild  steel.  They  do  not  apply 
to  stainless  steel.  Refer  to  the  technical  manuals  or 
manufacturers'  handbooks  for  the  capacity  ratings  for 
stainless  steel.  For  example,  shears  designed  to  cut 
!4-inch  mild  steel  can  only  cut  up  to  3/16  inch  of 
stainless  steel  without  overloading  the  machine.  When 
forming  stainless  steel,  you  will  notice  that  there  is 
niore  springback  than  from  mild  steel.  This  is  because 
of  the  elasticity  of  stainless  steel. 

Exercises  (605): 

1 .  What  gage  of  stainless  steel  is  used  to  replace  a  panel 
on  a  serving  line? 


10 


4  0i 


EKLC 


2.  What  characteristic,  different  from  mild  steel,  is 
noticable  in  stainless  steel  during  the  forming 


process? 


3.  When  cutting  and  forming  stainless  steel,  what  dif- 
ference* in  procedure  do  you  follow,  compared  with 
"mild"  procedures? 


606.  Describe  the  repairing  of  a  tray  rail. 

Repairing  a  Tray  Rail.  Repairing  a  tray  rail  of  a 
serving  line  counter,  such  as  that  shown  in  figure  1-5, 
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Figure  1-7.  Repair  of  a  tray  slide  rail. 


will  usually  consist  of  replacing  screws  thai  have 
worked  loose  where  the  rail  is  fastened  to  the  bracket 
or  where  splices  have  been  made.  The  ends  of  most  rails 
have  a  chromium-plated  end  piece  like  the  one  shown 
in  view  A  of  figure  1-7.  The  hollow  rails  (tubing)  slide 
over  the  recessed  ends,  and  arc  .secured  with  screws. 
The  recess  allows  the  rails  to  fii  flush  with  the  end 
piece,  to  make  a  nice  fit.  -ause  of  the  length  of  some 
serving  lines  and  the  lengths  in  which  the  rails  are 
purchased,  it  is  sometimes  necessary  to  make  splices. 
You  can  do  this  by  welding  and  polishing  or  by  the 
method  f.hown  in  view  B  of  figure  1-7. 

If  a  tray  rail  becomes  damaged,  you  can  replace  a 
section  in  several  ways.  Suppose  that  the  outside  rail  in 
figure  1  -5  is  bent  6  feet  from  the  right  end,  and  requires 
replacement.  Examination  reveals  that  the  ends  are 
joined  with  a  piece  like  the  one  shown  in  figure  1  -7,  A. 
and  that  the  rail  is  spliced  10  feel  frou)  the  right  end.  as 
shown  in  figure  1-7,  B. 

To  make  the  repair,  remove  the  end  piece  and  all  of 
the  fasteners  holding  the  rail  to  the  braces.  Remove  the 
screws  on  the  right  side  of  the  splice,  and  pull  the  10- 
-foot  section  loose.  In  thi,s  example,  the  10-toot  section 
will  be  replaced  with  a  new  one,  but  you  have  only  a  5- 
-foot  section  of  new  tubing.  This  meaans  that  you  must 
use  5  feet  of  the  old  rail.  Be  sure  to  make  a  straight  cut. 
If  possible,  use  a  handsaw  or  power-operated  hacksaw 
for  the  cut.  Use  a  piece  of  brass  round  stock  about  6 
inches  long  (such  as  that  shown  in  fig.  1-7)  for  the 
splice,  so  that  it  will  cover  enough  area  inside  the 
tubing  to  make  a  strong  splice.  Drill  and  tap  the  holes 
[n  the  bottom  side  of  the  tubing  and  round  stock,  fit  the 
two  5-foot  pieces  together,  and  secure  with  10-32 
roundhead  screws.  When  you  return  to  thejob,  replace 
the  10-foot  section  and  reinstall  the  end  piece.  Be  sure 
to  fasten  the  rail  to  the  tray  rail  brackets. 

Replacing  a  Tray  Rail  Bracket.  Tray  rail  brackets 
that  are  chromium-plated  should  be  replaced  with  new 
ones  because  welding  will  remove  the  chromium 
plating.  However,  if  a  bracket  is  made  from  stainless 
steel,  you  can  make  a  repair,  such  as  that  shown  in 
figure  1-8.  Notice,  in  view  A,  how  the  rails  are  fastened 
to  the  bracket  clips  from  the  bottom  with  self-tapping 
sheet  metal  screws. 

To  fabricate  the  bracket,  make  patterns  like  the  ones 
shown  in  views  A  and  B  of  figure  1-8.  Be  sure  to  punch 
the  holes  before  the  bracket  is  formed.  After  bending 
the  bracket  through  the  centerline  for  the  holes,  weld 
the  plate  pattern  to  the  bracket.  This  weld  should  be 
made  from  the  inside.  Make  the  clips,  and  weld  them  to 
the  underside  of  the  bracket  just  below  each 
half-round  space  for  the  rails.  Each  clip  should  have 
holes  to  accommodate  No  8  '/2-inch  sheet  metal  screws. 
After  the  bracket  is  fabricated,  fit  it  to  the  rails,  drill 
7/  16-inch  holes  in  the  counter,  and  fasten  the  bracket 
plate  to  the  counter  with  yg-inch  corrosion-resistant 
bolts.  Then,  secure  the  rails  to  the  bracket  with  ihe 
self-tapping  sheet  metal  screws. 
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Exercises  (606): 

I.  Welding  and  polishing  is  one  method  used  ior 
splicing  tray  rails.  Brictly  describe  the  other 
method. 


2.  How   arc   chromium-plated   tray   niil  brackets 
''repaired;'  and  why? 


3.  How  is  the  bracket  plate  attached  to  the  counter? 


607.  Describe  the  procedure  for  grinding  a  weld,  list 
precautions  to  observe,  and  name  material  and 
equipment  to  use. 

Repairing  Broken  Stainless  Steel  Welds.  Most  of 
your  stainless  steel  work  will  be  in  food  preparation 
areas.  Some  items  needing  repair  most  often  are 
steamtables,  sinks,  steamcookers,  serving  lines,  and 
counters.  Welds  will  need  repair.  To  repair  a  broken 
weld  on  stainless  steei  you  must  carefully  prepare  the 
joint.  First,. clean  the  surface  of  the  metal;  if  the  crack 
does  not  run  the  full  length  of  the  weld,  stop  drill  each 
end  of  the  crack  to  stop  the  break  from  moving  further 
down  the  weld. 

stop  the  break  from  moving  further  down  the  weld. 

Welding  stainless  steel.  Use  a  welding  rod  with  the 
same  metal  composition  as  that  being  welded. 
Tack-weld  the  crack  on  each  end  and  at  about  2-inch 
intervals  along  the  crack,  and  stagger  the  weld  so  that 
the  metal  surface  will  not  become  overheated  and 
buckle.  If  the  surface  is  overheated,  the  corrosion 
resistance  of  the  stainless  steel  may  become  damaged, 
allowing  the  surface  to  corrode  easily. 

Grinding  stainless  steel  welds.  After  the  weld  is 
completed  and  is  cool,  do  the  grinding,  polishing,  and 
buffing.  For  the  grinding,  use  a  portable  grinder  that 
has  a  handwheel  similar  to  that  of  a  bench  grinder. 
Hold  the  grinder  with  both  hands,  one  near  the 
grinding  wheel  and  the  other  at  the  rear  handle.  Do  the 
first  grinding  rough  cut  of  the  weld  with  a  wheel  of  20 
to  24  (medium  coarse)  grit,  and  do  the  second  grmdmg 
with  a  wheel  of  40  to  60  (medium  fine)  grit.  Be  sure  to 
stop  the  grinding  before  the  weld  bead  is  flush  with  the 
surface,  so  that  the  polishing  can  be  done.  Before 
grinding,  you  can  help  keep  the  metal  clean  by 
applying  adhesive  paper  on  each  side  of  the  weld  bead 
to  protect  the  surface. 

When  using  portable  grinders,  most  inexperienced 
workers  use  too  much  pressure  on  the  grinder.  Do  not 
bear  down  on  the  grinder.  Use  a  light  and  even 
pressure,  and  move  the  grinding  wheel  smoothly  along 
the  weld.  Allowing  the  wheel  to  remain  in  one  spot  too 
long  causes  the  metal  to  overheat  at  that  spot,  and  may 


cause  the  metal  to  buckle.  If  the  temperature  at  the  spot 
being  ground  reaches  400°F.,  the  metal  will  become 
tinted  (turn  blue).  Cool  the  area  that  is  bemg  ground. 
Use  a  wet  cloth  to  avoid  overheating  of  the  metal. 

It  is  good  shop  practice  to  grind  stainless  steel  with  a 
wheel  that  has  not  been  used  on  metals;  foreign  metals 
on  grinding  wheels  will  contaminate  the  surface  being 
ground.  Keep  the  wheel  dressed  so  that  you  won't  have 
a  tendency  to  cant  (tilt)  the  wheel  when  grinding. 

Polishing  stainless  steel  wields.  To  start  the  polishing 
you  need  to  select  a  grinding  wheel  with  a  grit  that  will 
remove  all  the  pits  and  scratches  caused  by  the  earlier 
grinding  operation.  A  medium  fine  grit  is  often  used 
first-  but  in  some  cases,  when  the  surface  is  not  too  rough 
you  can  begin  with  No.  100  fine  grit.  Keep  polishing 
until  the  surface  is  uniform  and  blemish- free.  When 
changing  grit  size,  change  the  direction  of  grind  also; 
this  will  help  to  eliminate  the  marks  made  by  previous 
polishing.  When  starting  to  polish  with  very  fine 
abrasive  grits,  you  may  want  to  use  a  lubricant,  such  as 
mutton  tallow  with  stearic  acid. 

Buffing  stainless  steel.  The  buffing  operation  requires 
a  buffing  wheel  that  is  flexible  or  soft  near  the  outside 
edge.  The  wheel  is  made  of  layers  of  muslin  sewn 
together.  The  surface  of  the  metal  should  not  be 
overheated  when  you  are  polishing  or  buffing.  The  first 
step  in  buffing  usually  requires  a  buffing  compound.  For 
the  final  step  of  buffing,  sometimes  called  coloring,  use 
a  clean  wheel  and  a  green  chrome  oxide  preparation  to 
get  a  very  high  luster  (reflecting  quality). 

When  polishing  and  buffing  stainless  steel,  you  need 
to  match  the  surrounding  surface.  The  following 
guides  will  help  you  to  obtain  the  desired  finish: 

•  A  No.  4  finish  may  be  obtained  by  using  No.  120 
grit  aluminum  oxide  applied  on  a  soft  wheel  using 
a  lubricant. 

•  A  No.  6  (tampico)  finish  is  obtained  from  a  No.  4 
finish  by  using  a  mixture  of  lubricating  oil  and 
powdered  pumice  (made  into  a  paste)  with  a  fine 
wire  scratch  wheel,  followed  with  a  tampico  fiber 
wheel. 

•  A  No.  7  finish  can  be  obtained  by  buffing  the 
surface  with  a  very  fine  abrasive,  such  as  white 
rouge,  applied  with  a  soft  musline  buffing  wheel. 

Exercises  (607): 

1 .  Briefly  describe  the  general  procedure  for  grinding  a 
weld. 


2.  List  at  least  two  of  the  three  precautions  to  observe 
in  grinding  a  weld. 


3  For  fine  polishing  and  buffing,  what  do  you  use  m 
addition  to  a  fine  grit  wheel  or  flexible  buffing 
wheel? 
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CHAPTER  2 


Awnings  and  Canonies 


n„n^".-'^  CHAPTER,  we  discuss  the  assembly, 
installation,  and  repair  of  awnings  and  canopies.  These 
devices  protect  wmdowsand  doorways  from  the  effects 
of  weather  and  heat  Jhey  also  help  keep  the  interior  of 
a  building  cool  by  shielding  glass  from  direct  sunlight 
The  knowledge  you  gain  from  this  chapter  will  help 
you  do  a  good  job  on  these  exterior  components.  The 
examples  discussed  in  this  chapter  arc  similar  to  the 
jobs  you  will  be  expected  to  do  as  a  sheet  metalworker. 

2-1.  Awnings 

Metal  awnings  are  usually  installed  over  windows  to 
keep  sunlight  out  or  to  prevent  weather  damage  to  the 

^wnino'"'  ^  "•'"'y  that  you  will  make 

awnings,  because  they  are  usually  purchased  as 
factory-made  assemblies.  Your  job  usually  consists  of 
ns  a  ation  and  repair.  Awnings  (fig.  2-1)  are  usually 
insta  led  over  windows,  and  are  usually  made  of 
interlocking  aluminum  panels.  The  brace  on  an  awning 
can  be  '-ound  tubing,  square  tubing,  or  angle  iron 
Braces  are  adaptable  for  different  installations. 

608  State  materials  and  procedures  used  in  awning 
installation  and  repair. 

Assembly.  Assemble  awnings  in  accordance  with  the 
manufacturers  instructions.  Normally,  you  start  the 
assembly  procedure  at  one  end  of  the  awning,  where 
you  locK  the  panels  together.  As  you  put  the  panels  into 
place,  fasten  them  to  the  frame  with  bolts  and  nuts 
After  the  awning  is  completely  assembled,  you  are 
ready  to  install  it  on  a  building 

Installation.  To  install  the  awning  over  a  window,  as 
shown  in  figure  2-1,  f.rst  locate  the  center  of  the 
weatherstrip  and  the  window  (so  that  the  awning  will 
extend  the  same  distance  on  each  side  of  the  window). 

h<?M     ^^,!  9^  ''^'^^^  hy  marking  them  while 

holding  the  strip  in  place,  level  with  the  window.  After 
drilling  the  holes  for  the  weatherstrip,  apply  calking 
compound  to  the  back  side  of  the  weatherstrip  and 
fasten  the  strip  to  the  wall  (with  screws).  Attach  the 
awning  to  the  weatherstrip  (with  nuts  and  bolts);  then 
dnll  holes  for  the  braces  and  fasten  the  braces  to  the  wall 
(with  screws). 

If  the  awning  is  to  be  installed  on  a  masonry  wall,  use 
a  masonry  drill  to  make  holes  for  expandable  sleeves. 
Fit  the  expandable  sleeves  into  the  holes  to  act  as 
anchors  tor  the  screws  so  you  can  fasten  the 
weatherstrip  and  brace  to  the  wall.  As  before  the 


weatherstrip  will  need  to  be  calked  so  that  water  won't 
run  behind  it. 

Repair.  Repair  awnings  by  replacing  panels  or  by 
patching  Most  repair  will  be  required  because  of 
damage  done  by  wind  or  hail.  When  an  awning  is 
damaged,  inspect  it  to  determine  what  repairs  are 
necessary;  sometimes  you  may  need  to  completely 
replace  it. 

Suppose  that  the  awning  in  figure  2-1  has  been 
damaged  upon  inspection,  you  find  that  one  brace  and 
one  end  panel  need  replacing.  Remove  the  awning  and 
take  It  to  the  shop.  To  do  this,  remove  the  screws  that 
anchor  It  to  the  wall.  As  the  awning  is  being  taken 
down,  determine  whether  any  screws  will  need  to  be 
replaced  during  reinstallation.  Once  the  awning  is  at 
the  shop,  disassemble  the  parts  that  should  be  replaced 
and  take  the  necessary  measurements. 

Lay  out  the  pattern  for  the  replacement  panel,  using 
the  same  type  and  gage  of  metal  as  the  old  panel,  and 
then  cut  out  the  pattern  with  a  suitable  cutting 
machine.  Since  the  panel  has  straight  sides,  the 
squaring  shears  will  be  suitable  for  the  straight  cuts 
straight  snips  can  be  Msed  for  notching  the  metal  where 
notching  is  necessary. 

Make  the  brace  from  tubing  that  is  flattened  and 
bent  on  the  ends.  To  make  a  replacement,  cut  tubing  to 
the  desired  length  with  a  hand  hacksaw,  power 
horizontal  handsaw,  or  power  hacksaw.  Flatten  the 
ends  by  placing  the  tubing  on  a  solid  surface  such  as  an 
anvil  and  striking  the  tubing  with  a  ballpeen  hammer 
or  tinner  s  riveting  hammer.  Turning  the  tubing  over 
several  times  will  enable  you  to  do  a  good  job  of 
flattening  the  tubing.  After  flattening,  drill  holes  in 
each  end  so  that  the  brace  can  be  fastened  to  the 
awning  and  wall,  and  attach  the  brace. 

Reinstallation.  Reinstallation  of  the  awning  requires 
tastening  the  weatherstrip  and  braces  to  the  wall 
Keplace  any  fasteners  that  were  damaged.  Some  of  the 
noles  may  require  larger  screws  or  bolts  to  fasten  the 
awning  to  the  wall.  Check  the  awning  to  see  that  it  is 
level  across  the  top  and  use  a  sealant  (calking)  behind 
the  weatherstrip.  Except  for  drilling  holes,  the 
reinbiallation  procedure  is  the  same  as  the  installation 
ot  a  new  awning. 

Exercises  (608): 

I.  Awning   panels    are   assembled   to   the  frame 
(before/during)  installation. 


'no. 


ERIC 


WEATHERSTRIP 


BRACE 

ir 

530-4210 


Figure  2-1.  Metal  awning  over  a  window. 


2,  Awning  panels  are  repaired  with  parts  made  from 
material     of    the    same  and 


.  as  the  original  material. 


3.  What  tool  and  what  device(s)  are  used  for  installing 
an  awning  on  a  masonry  wall? 


4,  What  two  procedures  are  needed  to  make  a  brace 
from  a  cut  length  of  tubing? 
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2-2.  Canopies 

Metal  canopies  are  similar  to  metal  awnings  but  they 
are  usually  larger,  and  are  installed  over  doors  or 
entrance  walks.  Repair  and  fabrication  procedures  for 
canopies  are  similar  to  those  for  awnings. 

609.  Explain  how  to  cut,  notch,  and  form  canopy 
parts. 

Canopies  are  usually  made  of  aluminum  panels 
joined  with  standing  seams  or  lap  joints.  Figure  2-2 
shows  a  factory-made  canopy  installed  over  a  door.  It 
has  standing  seam  roof  panels  with  metal  trim  on  the 
sides.  It  is  supported  by  two  corner  posts  made  of 
2-inch  aluminum  tubing  at  the  front,  and  Is  fastened  to 
the  wall  at  the  back.  The  canopy  has  a  weatherstrip 
that  extends  1  inch  over  the  top  panels  to  prevent  water 


15 


from  leaking  between  the  walls  and  back  of  the  canopy 
A  lactory-made  canopy  is  assembled  and  installed 
accordmg  to  the  instructions  packed  with  the  pieces 
Canopies  can  also  be  made  in  the  shop.  Suppose  that 
you  have  a  work  order  to  make  and  install  a  canopv 
such  as  that  illustrated  in  figure  2-3.  Notice  that  this 
canopy  has  a  standing  seam  paneled  roof,  and  hangers 
to  support  the  front.  The  bottom  of  the  canopv  sides  is 
perpendicular  to  the  wall,  and  level;  the  panel's  have  a 
..-inch  drop  from  the  rear  to  the  front,  Making  a 
canopy  is  hke  making  other  sheet  metal  items-  it 
involves  pattern  layout,  cutting,  notching,  formine 
assembly,  and  installation. 


Pattern  Layout.  The  shape  of  the  back  trim  is  shown 
in  the  detail  view  at  the  left  side  in  figure  2-3.  Pattern 
ayout  for  the  canopy  involves  developing  patterns  like 
the  ones  shown  in  figure  2-4.  The  back  trim  pattern  in 
view  A  IS  made  9  inches  wide  plus  allowance  for  a 
'/2-inch  hem. 

The  two  side  pattern.-,  (view  B  of  fig.  2-4)  are 

vJh  Pfi,'°u  "'5  '"^'^'■^  'he  trim  will  be  6  inches 
wide  at  the  back  and  4  inches  wide  at  the  front.  Notic- 
that  each  end  has  1  inch  for  the  corner  lap  seams,  The 
bottom  edge  has  an  allowance  for  a  '/:-inch  hem,  and 
he  top  edge  has  an  allowance  for  the  pocket  of  a 
l'/4-inch  standing  seam. 


LAG  SCREWS  AND 
EXPANDABLE  SLEEVES 


SHEET  METAL  SCREWS 
WITH  EXPANDABLE  SLEEVESv^;::, 


X  1  1/2"  X  1  1/2" 
ALUMINUM  ANGLE 
CORNER  BRACKET 


BOLTS  OR 
RIVETS  (ALSO  AT 
OTHER  l£ND  UNDER 
WEATHERSTRIP) 


1.  INSTALL  CANOPY  WITH 
2"  DROP  ON  FRONT  SO 
WATER  WILL  DRAIN. 


2.  FROMT.  SIDES.  AND 
BACK  TRIM  WILL  BE 
MADE  OF  0.051  (18  GA) 
3003  HW  ALUMINUM. 


3.  TOP  WILL  BE  MADE 
OF  0.032  (22ga)  3003 
H14  ALUMINUM. 


530-4212 


Figure  2-."^.  Metal  canopy  supported  by  hangers. 


The  front  trim  pattern  shown  in  view  C  of  figuic  2-4 
has  a  face  4  inches  wide,  and  allowances  for  a  /2-inch 
hem  on  the  bottom  edge  and  1  inch  on  the  top  edge,  for 
fastening  to  the  top  panels. 

The  pattern  for  the  nine  top  panels  in  view  D  of 
figure  2-4  is  6  inches  wide,  plus  allowances  for  the 
pocket  of  a  1  Vi-inch  standing  seam  on  one  edge  and  the 
flange  for  a  IVi-inch  standing  seam  on  the  other  edge. 
Notice  the  instructions  with  the  patterns. 

The  weatherstrip  in  view  E  of  figure  2-4  is  made  into 


a  Z-shape  that  measures  1"  x  1"  x  I/4,"  and  is  5  feet 
long.  The  114 -inch  allowance  has  slots  i/4-inch  wide 
and  U/4-inches  long,  cut  at  6-inch  intervals.  The  wall 
plate  (view  F  of  fig.  2-4)  is  4  inches  square  and  Va  inch 
thick.  It  has  an  eye  (a  loop)  to  receive  the  hook-shaped 
end  of  the  hanger  rod.  The  eye  is  welded  to  the  plate, 
and  four  5/16-inch  screw  holes  are  drilled  for  i/4-inch 
screws.  The  corner  brackets  (G  in  fig.  2-4)  are  made  of 
l/g"  X  1 1/2''  X  1  Vi''  angle  iron,  5  inches  long,  with  a  yg-inch 
hole  for  the  !/4-inch  hanger  rod. 
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r 


5' 


BEND  UP  93« 


BEND  UP  90*» 


BEND  UP  780«» 


BACK  TRfM 


7"  FOR  CORNER 
LAP  SEAM 


SfDE  TRIM  (2  EA,  REQUIRED) 

^n^tl^kFJ''^  ^'^^  ON  PATTERN, 
BEND  RIGHT  SIDE  OPPOSITE) 


5' 


BEND  DOWN  S7^ 


BEND  DOWN  90» 


BEND  DOWN  780« 


FRONT  TRIM 


1"  FOR  CORNER 
LAP  SEAM 


~7r 


2"  ^ 


3/8"   SCREW  HOLE 


7"  EYE 


4" 


WALL  PLATE 


1" 


1/2' 


NOTE:  MAKE  10  PANELS  OF  ''D-  BELOW,   (  9  LIKE  PATTERN 
AND  1  WITHOUT  THE  1  3/8'*  ALLOWANCE). 


D 


■4*- 


1- 


BEND  DOWN  780 • 


BEND  UP  90^  6 


BEND  UP  90* 


U   " 

1  if>  fi: 


TOP  PANEL 
 5'  


E  *^ 


sl 


SLOT  1/4"  WIDE 


WEATHERSTRIP 


1  3/8" 
7  1/4" 


-* — 7  7/4" 


3/8"  HOLE 

rJyf 


5  7/2" 


I  7  7/2" 
7  1/2" 


CORNER 
BRACKET 


Si  h<   7  7/4" 


6" -J 


7/4- 

530-4213 


Figure  2-4.  Patterns  for  a  metal 


canopy  supported  by  hangers. 
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Cutting  and  Notching.  You  can  cut  nnd  notch 
patterns  A  tlirough  D  (fig.  2-4)  on  the  squaring  shears 
and  with  straight  cut  snips.  Cut  pattern  E  with  the 
squaring  shears,  and  notch  it  with  straight  snips;  make 
the  slots  by  using  the  rotary  punch  ami  the  straight 

^"jhe  corner  brackets  and  wall  plates  (view  G  and  F  of 
fig  2-4)  aic  made  in  the  shop.  The  straight  cuts  are 
nfade  with  the  horizontal  handsaw,  power  hacksaw  or 
hand  hacksaw  The  rounded  end  of  the  corner  bracket 
is  cut  on  the  throatless  shears,  and  is  filed  smooth;  then 
the  holes  are  drilled.  The  Ys-inch  hole  should  be  drilled 
at  least  I  'Ainches  from  the  top  edge.  Remember  to 
make  two  wall  plates,  and  right  and  left  corner 
brackets.  The  eve  of  the  wall  plate  is  made  by  welding  a 
piece  of  '/,-inch  rod  (bent  into  a  U-shape)  to  the  plate. 
The  eve  should  be  approximately  1  inch  in  diameter. 

Forming.  Bend  pieces  A  through  E,  for  the  canopy 
on  the  cornice  brake,  according  to  instructions  on  the 
pa-terns  The  only  bends  you  make  with  a  mallet  are  the 
90"bends  for  the  corner  lap  seams  on  the  ends  ot  the 
side  pieces  in  B. 

Exercises  (609): 

1  All  but  one  of  the  top  panels  are  cut  and  formed 
alike.  What  is  the  difference  for  the  10th  panel? 
Whv? 


2.  What  tools  and  equipment  are  used  to  make  the 
weatherstrip? 


3.  In  forming  the  parts  of  a  canopy,  what  bends  are 
made  with  a  mallet? 


610.  Name  materials  and  procedures  for  the 
assembly,  installation,  and  repair  of  canopies. 

Assembly.  The  canopy  shown  in  figure  2-3  is 
assembled  by  first  connecting  the  standing  seams  of  the 
top  panels.  You  should  have  noted  already  that  the 
lOth  panel  has  two  flanges  instead  of  one  flange  and  a 
pocket.  When  instalHng  the  top  panels,  install  this  10th 
panel  last  (on  the  right  side  of  the  canopy,  as  viewed 
from  the  front).  Next,  position  the  front  and  back  trim 
pieces,  and  rivet  (or  bolt)  the  panels  as  shown  in  the 
illustration.  Drill  rivet  holes  as  needed,  and  use 
aluminum  rivets  or  cadmium-plated  bolts.  The  side 
pieces  are  slant  notched  on  the  2-inch  flange  so  that  the 
corners  of  the  assembled  canopy  will  have  a  miter 
appearance  like  the  corners  of  the  hood  discussed 
earlier  in  this  text.  When  ycu  have  squared  the  front 
corners,  install  and  rivet  (or  bolt)  the  corner  braces. 
The  last  step  of  assembly  is  to  install  rivets  at  12-inch 
intervals  along  the  standing  seams. 


Installation.  To  install  the  canopy  shown  in  figure 
2-3.  drill  holes  in  the  cinder  block  wall  tor  the 
expandable  anchor  sleeves  which  hold  the  screws.  The 
sleeves  may  be  made  of  lead,  plastic,  or  wood,  and  are 
sometimes  called  anchor  plugs  or  shields.  Inside  the 
hole,  the  sleeve  expands  when  the  screw  is  inserted  and 
tightened,  making  a  secure  anchor  for  the  screw.  In  this 
example,  the  bottom  of  the  canopy  is  installed  10 
inches  above  '.he  door.  The  canopy  is  bolted  to  a  5-foot 
aluminum  angle  piece  ('/s"  x  1'/:"  x  Wi")  which  is 
anchored  to  the  wall  with  '/4-inch  lag  screws  and 
expandable  sleeves.  Use  the  angle  piece  as  a  template, 
to  locate  the  holes  to  be  drilled.  Use  a  masonry  drill  or 
star  drill  to  make  seven  '/;-inch  holes.  You  can  then 
securely  fasten  the  angle  piece  to  the  wall  with  the  lag 
screws  side  of  the  weatherstrip.  Install  the  weatherstrip 
on  the  wall  above  the  top  of  the  angle  piece  so  that  the 
distance  between  the  bottom  of  the  slots  in  the 
weatherstrip  and  the  top  of  the  angle  brace  is  about  IVz 
inches.  This  will  allow  the  standing  seams  of  the  top 
panels  to  sl-de  into  the  slots,  and  will  allow  the  bottom 
of  the  back  trim  to  rest  on  top  of  the  angle  piece. 

Before  raising  the  canopy,  hook  the  hangers  into  the 
eyes  of  the  wall  brackets.  The  task  of  raising  the  canopy 
into  position  will  probably  require  two  or/hjee 
workers,  depending  on  the  situation.  If  a  scaffold  is 
being  used,  tne  canopy  can  be  placed  on  the  scaffold 
and  then  positioned  at  the  desired  angles. 

When  the  hangers  are  hooked,  level  the  canopy  by 
adjusting  the  turnbuckles.  After  leveling,  drill  holes 
through  the  aluminum  angle  piece  and  through  the 
bottom  edge  of  the  back  trim  piece,  and  bolt  the  two 
pieces  together.  . 

Repair.  Repair  of  canopies  like  the  one  in  tigure  2-3 
is  somewhat  similar  to  the  repair  of  awnings.  Usually, 
the  damage  is  caused  b^'  hail  or  wind.  Suppose  the 
fourth  panel  from  the  right  side  of  the  top  (as  viewed  in 
the  illustration)  has  a  I-inch  hole  in  it.  To  make  the 
repair,  cut  out  around  the  damaged  area,  and  cut  out 
two  patches  of  the  same  type  and  gage  of  metal  as  the 
awning.  The  patches  should  overlap  1  inch  on  all  sides 
of  the  hole.  One  of  the  patches  is  for  the  top,  and  one  is 
for  underneath.  . 

The  thickness  of  the  patches  determines  the  size  ot 
rivets  to  use  for  the  repair.  Once  they  are  determined, 
you  can  punch  or  drill  one  patch  and  use  it  as  a 
template  to  punch  the  other  patch.  You  will  need  a 
hand  dolly,  rivet  set,  Clecos,  Cleco  phers  (forceps), 
tinner's  riveting  hammer,  portable  electric  drill, 
extension  cord,  twist  drill,  and  aluminum  rivets. 

You  must  seal  the  top  patch  when  you  put  it  on  the 
panel.  Use  zinc  chromate  tape  or  roll  type  calking;  if 
the  are  not  available,  you  can  use  calking  compound 
from  a  tub  and  spread  it  with  a  putty  kmfe. 

To  install  the  patch,  apply  the  sealant  on  the  top  of 
the  panel  around  the  hole.  Lay  the  top  patch  over  the 
hole  so  that  a  1-inch  lap  is  obtained  around  the  hole. 
Drill  the  holes,  and  install  the  bottom  patch  in 
alignment  with  the  other  holes.  You  can  hold  the 
patches  in  place  with  the  Clecos  while  you  drill  the 
holes  and  install  the  rivets.  After  the  rivets  have  been 
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Thlf!"""^:  'sealant  around  the  patch. 

This  leaves  a  neat  job.  ' 

For  a  second  example  of  canopy  repair,  suppose  the 

^'T  °f       cano^y^sho  vn 

firl^  Next  h'^ '  ""'^'f ''''  weatherstrip 
f  rst  Next,  drill  out  the  rivets  on  both  sides  of  the 
standing  seams,  and  remove  the  screws  on  the  second 
panel  and  the  panels  on  each  side  of  the  second  panel 
of?h"/!/.  h''""^'^'  "'^  removed,  slip  the  old  panel  oui 
the  If  k"*'"*^  ^^""^^  '  replacement  ^anel  like 

mnel  inf^"''"  ^     ^'S"--^  2-4.  Place  the  new 

pane  mo  position  an;  connect  the  standing  seams. 
Alter  the  new  panel  is  in  place,  drill  the  holes  for 
fastening  to  the  Hanges  of  the  back  and  front  tnp 
p.eces.  Replace  the  rivets  that  were  drilled  out  of  the 
standing  seam.  Since  the  weatherstrip  has  been 
removed  remove  the  old  calking  and  apply  new 
thi  w  1i  '"^  weatherstrip  to 


Exercises  (610): 

1.  When  you  are  assembling  a  canopy,  which  top 
panel  do  you  install  last?  ' 


2.  For  mstallinga  canopy,  what  is  the  sequence  of  step 
to  secure  and  level  the  canopy? 


3.  What  new  material  ,s  needed  to  perform  a  top  panel 
replacemem  (in  addition  to  a  new  panel)? 
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CHAPTER  3 


Metal  Roof  Parts 


IN  THIS  CHAPTER,  wc  will  discuss  the  fabrication, 
installation,  and  repair  of  roofing,  flashing,  gutters, 
and  downspouts;  these  arc  available  in  different  shapes 
and  designs  They  may  be  made  of  galvanized  iron, 
aluminum,  or  copper.  Metal  flashing  is  used  with  all 
types  of  roofing  (metal,  shingle,  and  asphalt)  to 
weatherproof  the  joints,  valleys,  eaves,  gables,  and 
ridges.  Gutters  are  installed  under  the  eaves  of 
buildings  to  collect  rainwater  from  the  roofs,  and 
downspouts  are  the  vertical  pipes  which  carry  the 
rainwater  from  the  gutters  to  the  ground. 

The  discussions  include  types  of  roofing,  seams,  and 
special  tools;  types  of  flashing,  such  as  valley,  fascia, 
gable,  eave,  ridge,  and  base;  and  components  of  gutters 
and  downspouts. 

Knowing  the  information  in  this  chapter  will  help 
you  to  do  better  work  when  you  are  assigned  jobs  that 
involve  roofing,  flashing  and  downspouts.  The 
examples  discussed  in  this  chapter  are  similar  to  the 
jobs  you  will  be  expected  to  do  as  a  sheet  metalworker. 

3-1.  Metal  Roofing 

Metal  roofing  is  made  of  different  kinds  of  metal, 
such  as  copper,  aluminum,  and  galvanized  iron.  Let's 
briefly  review  some  of  the  characteristics  of  metal  that 
are  important  for  roofing,  flashing,  gutters,  and 
downspouts. 

611.  Name  some  metal  roofing  materials  and  their 
characteristics. 

Copper,  aluminum,  and  iron  expand  when  they  are 
exposed  to  heat.  They  contract  when  exposed  to  cold. 
An  8-foot  sheet  of  copper  will  expand  or  contract  as 
much  as  9/64  inch,  aluminum  will  expand  or  contract 
as  much  as  3/16  inch,  and  iron  as  much  as  3/32  inch. 
Thus,  you  car  see  that  seasonal  effects  have  some 
bearing  on  the  installation  of  metal  roofs.  For 
example,  when  you  are  installing  metal  roofs  in  cold 
weather,  you  will  make  provisions  for  considerable 
expansion  but  for  very  little  contraction. 

Briefly  described,  galvanic  action  is  the  reaction 
between  dissimilar  metals  that  produces  an  electric 
current;  unfortunately,  it  also  eats  away  one  of  the 
metals.  Because  of  galvanic  action  that  occurs  when 
dissimi  metals  come  in  contact  with  one  another,  you 
should  avoid  joining  different  metals.  If  you  must  join 
them,  use  a  layer  of  waterproof  building  paper,  a  layer 
of  asphaltsaturated  felt,  or  a  coating  of  asphalt  paint 
between  the  two  metals. 


Types  of  Metal  Roofinu  MiMcrial.  Copper, 
aluminum,  and  galvani/ed  iron  are  the  metals  often 
used  as  roofing  material  to  cover  buildings.  These 
types  may  be  purchased  in  different  shapes,  such  as 
those  shown  in  figure  3-1.  (Flat  sheets  are  also  used  to 
cover  roofs,  but  are  not  illustrated.) 

Copper  sheets.  Copper  sheets  used  in  roof  ng  arc 
usually  0.022  inch  thick.  Copper  sheet  thicknesses  arc 
designated  by  ounces  per  square  foot;  therefore,  0.022 
inch  thick  is  1 6-ounce  copper.  Copper  roofs  arc  usually 
installed  with  grooved  flat  seams,  batten  seams,  or 
standing  seams  with  cleats  fastened  to  the  roof  deck 
and  formed  into  the  seam.  One  advantage  of  a  copper 
roof  is  that  it  lasts  longer  because  of  'ts  resistance  to 
corrosion.  When  new  copper  sheets  are  exposed  to  the 
atmosphere,  a  coating  of  oxide  forms  (it  is  called 
patina).  It  aids  in  making  the  surface  resistant  to 
further  corrosion.  Fpsten  copper  with  nails,  screws,  or 
bolts  made  of  brass  or  bronze. 

Aluminum  sheets.  Aluminum  sheets  used  in  rootmg 
may  be  flat,  corrugated,  or  double-rib.  The  corrugated 
and  double-rib  aluminum  sheets  are  stronger  than  flat 
sheets  or  5V-crimp,  and  are  often  used  to  cover  roofs 
that  do  not  have  a  solid  deck  underneath.  The 
corrugated  and  doublerib  sheets  have  other 
advantages  over  flat  sheets  in  that  they  help  to  drain 
water  from  the  roof,  and  the  seams  do  not  require 
soldering.  Fasten  aluminum  with  nails,  screws,  or  bolts 
made  of  aluminum,  cadmium-plated  steel,  or  stainless 
steel. 

Galvanized  iron  sheets.  The  galvanized  sheets  used 
on  roofs  may  be  flat,  corrugated,  or  5V-cr!mp. 
Galvanized  sheet  iron  does  not  have  as  much  resistance 
to  corrosion  as  aluminum  or  copper,  but  it  is  very  good 
for  covering  roofs.  Two  advantages  that  galvanized 
sheets  have  over  aluminum  and  copper  are  lower  cost 
and  greater  strength.  Properly  installed,  galvanized 
metal  roofs  will  render  satisfactory  service.  They  are 
often  installed  on  sheds  and  warehouses.  Fasten 
galvanized  iron  with  nails,  screws,  or  bolts,  made  of 
cadmium-piated  steel. 

Exercises  (611): 

I .  What  occurs  when  two  dissimilai  roofing  metals  are 
placed  together? 
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CORRUGATED 


DOUBLE  RIB 

530-3745 


Figure  3  -1.  Shapes  of  metal  roofing. 


2.  What  three  types  of  metals  are  commonly  used  for 
roofing,  and  which  one  should  you  NOT  fasten  with 
cadmium-plated  steel  nails? 


3.  What  aids  copper  roofing  in  making  the  surface 
resistant  to  corrosion? 


4.  What  are  the  advantages  of  galvanized  sheets  over 
copper  or  aluminum  sheets? 


612,  State  when  roofing  seams  should  not  be  used, 
state  the  difference  between  a  standing  seam  and  a 
roofing  standing  seam,  and  specify  techniques  for 
making  seams  used  on  metal  roofs. 

Seams  Used  with  Metal  Roofing.  Scams  used  with 
metal  roofing  are  similar  to  those  used  in  other  sheet 
metal  fabrication;  however,  the  way  some  of  them  are 
made  and  used  will  vary. 

In  figure  3-2,  some  of  the  names  of  parts  of  a  roof  are 
shown.  Where  two  ridges  join  at  an  angle  of  less  than 
1 80°,  a  valley  is  formed.  The  slope  of  a  roof  is  known  as 
lis  pitch.  Seams  running  parallel  to  the  roof  slope 
(pitch)  are  called  parallel  seams.  The  seams  running 
across  the  slope  are  called  cross  seams.  When  cross 
seams  are  necessary  to  join  the  sheets  (fig.  3-2),  use  a 
grooved  seam.  These  grooved  cross  seams  are  seldom 
soldered,  but  if  they  are,  make  allowance  for  expansion 
and  contraction  at  the  eave  or  ridge. 
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RoDfint*  standini^  scams.  Roofing  standing  scams 
arc  gcncrallv  used  with  tlat  sheets  on  pitched  roofs. 
1  hesc  seams  are  not  soldered  and.  therefore,  should 
not  be  used  with  a  roof  having  a  slope  of  less  than  3 
Inches  to  the  foot.  A  roof  slope  of  4  inches  or  more  (to 
the  foot)  is  desirable.  Standing  seams  allow  for 
expansion  and  contraction  if  you  leave  a  1/16-mch 
space  (step  B  of  fig,  3-3),  Fasten  the  metal  to  the  roof 
with  cleats  that  are  spaced  12  inches  apart.  Nail  the 
cleat  to  the  roof  so  that  the  upright  part  of  the  cleat  is 
Rush  against  the  90° Range  of  the  preceding  sheet. 
After  nailing  the  cleat  to  the  roof,  bend  the  remaining 
flat  part  of  the  cleat  over  the  nail  heads.  This  prevents 
the  heads  from  working  through  the  top  sheet  thai  Is  to 
be  installed  next. 

As  in  step  B  of  figure  3-3,  place  the  second  sheet  to  be 
installed.  It  also  has  a  flange  turned  up  90°,  but,  this 
flange  extends  above  the  flange  on  the  first  sheet.  Bend 
this  loDger  flange  over  the  shorter  flange  to  form  the 
standing  seam.  In  step  C,  you  can  see  how  this  90°  bend 
is  started.  In  step  D,  bend  the  metal  to  180°to  form  the 
standing  seam.  In  steps  E  and  F,  you  can  see  how  to 
bend  the  standing  seam  another  180°  to  complete  the 
double  seam. 

Roofing  .grooved  (flat)  seams.  The  roofing  grooved 
seam  (flat  seam)  is  adaptable  for  roofs  that  have  very 
little  pitch  (less  than  3-inch  slope  to  the  foot).  This 
seam  is  normally  used  when  installing  14"  x  20"  sheets. 
Fasten  the  sheets  to  the  roof  deck  with  cleats  spaced  12 
inches  apart.  Nail  the  cleats  to  the  roof  deck  and  then 
form  them  into  the  grooved  seam.  In  fi)Jure  3-4,  you 


can  see  how  metal  sheets  are  fastened  to  a  roof  with 
cleats.  In  figure  3-5,  step  A  shows  a  small  section  of  a 
metal  roof  panel  with  a  cleat  installed.  To  install  the 
cleat,  insert  the  bent  end  of  the  cleat  into  the  pocket 
formed  by  the  upturned  flange  of  a  roofing  panel.  After 
the  cleat  has  been  pulled  tight  and  the  panel  is  locked 
into  the  other  roof  panels,  nail  the  cleat  to  the  roof  deck 
and  turn  the  end  back  over  the  nailhead.  This  prevents 
the  nail  from  backing  out  and  causing  damage  to  the 
roof.  You  will  then  install  the  next  panel,  which  covers 
the  cleat  as  shown  in  figure  3-5,  step  B, 

Roofing  lap  seams.  Roofing  lap  seams  are  used  to 
i^stalf  corrugated,  5V-crimp,  or  rib  sheets,  on  a  roof. 
The  lap  seams  used  in  roofing  arc  somewhat  different 
from  those  in  other  fabrication  because  the  seams  are 
lapped  more.  When  installing  corrugated,  rib,  or 
5V-criinp  sheets,  you  must  consistently  use  a  definite 
number  of  sidelaps. 

Notice  that  view  A  of  figure  3-6  points  out  the 
crowns  and  valleys  of  a  corrugated  sheet.  A  sidelap  of 
1  »/2-corrugations  means  that  one  crown  and  one  valley 
are  lapped  In  view  B,  you  can  see  a  V/i 
corrugation-sidelap.  In  view  C,  there  is  a  2  corrugation 
sidelap  (notice  that  two  crowns  and  one  valley  are 
lapped).  In  view  D,  there  is  a  single  sidelap  on  V-crimp 
roofing  sheets,  and  one  crown  is  covered.  In  view  E, 
there  is  a  2-corrugation  sidelap  where  both  crowns  and 
one  valley  are  covered.  Sidelaps  on  corrugated  sheets 
should  newer  be  less  than  2  corrugations.  Sidelaps  for 
V-crimp  and  rib  sheets  should  not  be  less  than  1 
corrugation. 
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Figure  3-2.  Parts  of  a  roof. 
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STEP  E 
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STEP  F 


Figure         Roof  standing  scam. 


RooHng  batten  seams.  Roofing  batten  seams  (see 
ng.  J- /J  are  formed  over  battens  made  of  wood  (A 
batten  is  a  strip  of  wood  nailed  to  the  deck  of  a  roof ) 
Batten  seams  run  parallel  to  the  slope  of  the  roof  and 
allow  the  metal  to  expand  and  contract. 

Cleats  are  used  to  fasten  the  roofing  to  the  batten  in 
somewhat  the  same  way  as  the  cleats  used  for  standing 
and  grooved  (flat)  seams.  In  .step  A  of  figure  3-7  vou 
can  see  the  cleats  nailed  to  a  batten.  Step  Bshows'the 
met^l  sheet  formed  90°and  placed  along  the  right  side 

^on.'hn,rH^''Pr^.'''°^'  '^"^  ^he  metal 

along  both  sides  of  the  batten  and  bend  the  tabs  over 

one  edge  of  each  channel.  Make  a  cap  piece  into  a 


channel  and  place  it  over  the  batten,  a.s  shown  in  step 
D.  Turn  both  edges  90°t«  make  a  .single  scam,  as 
.shown  on  the  right  side  of  .step  D.  After  this  single  seam 
IS  made,  make  another  seam,  as  shown  in  .step  E. 

Exercises  (612): 

I .  Roofing  .standing  seams  should  no!  be  used  on  roofs 
that  have  less  than   .   slope  to  the 


2.  What  is  the  main  difference  between 
xeani  and  a  roofini^  standing  seam? 


3.  How  is  a  Hat  seam  roof  held  to  the  roof  deck  and 
what  IS  u.scd  to  seal  the  roof? 


4.  Name  three  types  ("shapes")  of  roofing  materials 
that  are  installed  with  the  lap  seam. 


5.  "Before  making  any  roofing  seam,  you  nail  cleats  to 
the  roof  deck".  Why  is  that  statement  false? 


Special  Tools  Used  with  Metal  Roofing.  Special 
ools  used  to  form  roofing  seams  may  be  lassified  into 
three  types:  roofing  seamers,  roofing  tongs,  and 
roofing  folders.  The  availability  of  these  tools  in  your 
sheet  metal  shop  depends  upon  the  organization  of 
your  maintenance  and  repair  branch  and  upon  local 
requirements.  Some  branches  have  a  roofing  crew 
which  may  work  under  the  sheet  metal  shop  and  which 
should  have  the  necessary  roofing  tools 

f^oqfing  seamers.  Roofing  seamers  look  somewhat 
like  the  hand  seamer  discussed  earlier  in  this  course 
View  A  in  figure  3-8  shows  a  conventional  seamer 
which  IS  used  to  turn  edges  on  metu!  for  makinP 
roofing  seams  It  is  available  in  different  sizes,  turning 
seams  from  >/,  inch  to  2  inches  wioe.  Conventional 
seamers  arc  not  adjustable  and  the  correct  size  seamer 
IS  required  for  making  seams.  The  adjustable  seamer 
shown  in  view  B  of  figure  3-8,  can  be  used  to  turn  the 
edges  for  seams  M  inch  to  3  inches  wide.  The 
adjustment  is  made  by  loosening  the  wing  nuts  on  each 
sme  ot  the  blade. 
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Figure  3  4.  Meial  roofing  installed  with  cleats. 
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STEP  B 

Figure  3-5.  Installing  a  cleat  in  a  grooved  (flat)  seam. 
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Figure  3-6.  Sidelaps  used  with  metal  roofing. 
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The  double  seamer,  shown  in  view  C  of  figure  3-8  is 
used  to  make  double  seams  from  standing  seams  (see 
fig.  J-3).  The  bends  are  made  with  the  folding  jaws  and 
the  edges  are  flattened  with  the  squeezing  jaws.  These 
double  seamers  are  available  in  two  sizes.  The  common 
gage  size  is  used  to  make  ^^-inch  standing  seams  The 

?K  "ono  ^J^"^"  '"'^h  (or  1  inch)  above 

the  yo  flanges.  The  flanges,  as  shown  in  steps  C  and  D 
show  that  this  bend  is  different  from  a  standard 
standing  seam  because  of  the  length  of  the  material 
being  bent. 

The  hand  double  seaming  dolly,  shown  in  view  D  of 
tigure  3-8,  acts  as  a  backer  when  you're  making  a 
double  seam  on  a  standing  seam.  Place  the  seamer 
against  the  opposite  side  of  the  standing  seam,  and  use 
a  mallet  to  turn  the  edge.  The  double  seamer  in  view  C 
has  a  definite  advantage  over  the  one  in  view  D  because 
the  seaming  process  can  be  done  much  faster  with  the 
dual-purpose  tool. 

Roofing  tongs.  Clamping  tongs  (fig.  3-9)  are  used  to 
clanip  seams  to  hold  them  in  place.  The  ring  on  one 
handle  can  be  slipped  over  the  other  handle  to  keep  the 
jaws  tight.  This  clamps  the  metal  while  you  continue 
working.  Use  the  squeezing  tongs  (fig.  3-9)  to  tighten 
seams.  For  example,  they  can  be  used  to  tighten  the 
pocket  of  a  standing  seam  before  you  make  a  double 


avanabTe.^''°°'"'^  '"^"^'^ 

Roojing  folders.  Roofing  folders,  such  as  those  (fig 
3-10)  are  used  to  turn  edges  for  a  grooved  (flat  seam 
rooi.  I  hese  folders  operate  somewhat  like  a  bar  folder 
They  have  slots  to  prevent  flattening  of  the  edges  that 
have  already  been  turned.  The  common  folder  in  view 
A  is  available  in  lengths  of  14,  20,  28,  and  30  inches  It 
turns  an  edge  of  5/ 16  inch  in  thickness.  The  adjustable 
^7/o"  ""^^  ^  ^  g^g^  ^hat  can  be  set  to  form  3/ 1 6- 
and  3/8-inch  edges.  Each  of  these  folders  has  a  bed  a 
bending  leaf,  and  an  operating  handle.  To  form  an 
edge  insert  the  metal  into  the  folder  and  pull  the 
handle  forward,  as  if  using  a  bar  folder. 

Exercises  (613): 

1.  What  are  double  seamers  used  for? 


^'  d^lly?  "'^  ^'^^        '^""^'^  seaming 
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3.  Name  the  two  types  of  roofing  tongs,  and  explain 
the  use  of  each. 


4,  What  type  of  roofing  seam  is  formed  w  ith  a  roofing 
solder? 


614.  State  steps  and  procedures  for  installing  metal 
roofs. 

Installation  of  Metal  Roofing.  Installation  of  metal 
roofing  involves  the  seams,  tools,  and  fastenmg 
methods  we  have  discussed  in  the  precedmg 
paragraphs.  Now  let's  see  how  metal  roofing  is 
installed. 

Installing  a  roof  with  lap  seams,  lap  seams  are  used 
when  roofing  sheets  are  made  of  corrugated,  V-crimp, 
or  ribbed  metal.  Figure  3-1 1  shows  a  corrugated  roof 
installed  with  lap  seams.  Endlaps  are  used  so  that  the 


metal  will  lap  over  the  top  of  the  previous  sh^et  in  the 
direction  of  water  flow.  Sidelaps  are  made  so  that  the 
metal  will  lap  over  in  the  direction  of  the  prevailing 

wind.  . 

To  lay  corrugated  roofing,  such  as  is  shown  ni  tigure 
3-11,  start  with  sheet  A.  (NOTE:  In  this  iwample.  sheet 
A  is'used  because  it  is  downwind  from  the  prevailing 
wind.)  Position  sheet  A  and  fasten  it  to  the  purlins  with 
the  No.  14  .X  Wa"  self-tapping  screws,  except  where  it 
will  join  the  laps  of  sheets  B,  C,  and  E.  Lay  sheet  B  over 
sheet  A  to  make  a  I  /:-corrugation  sidel  and  fasten  it  to 
the  purlins  just  as  you  did  sheet  A.  Fasten  the  sidelap 
with  No.  12  X  Va'  self-tapping  screws.  Be  very  cautious 
when  you  are  laying  the  sheets;  stay  on  sheet  A,  and 
close  to  a  purlin  where  the  metal  is  rigid,  and  remember 

that  the  first  row  must  not  overlap  the  second  row. 
Next,  lay  sheet  C  so  that  you  have  an  endlap  of  6 

inches.  Fasten  sheets  A  and  C  to  the  purlins  with  No. 

14x1  Va'  self-tapping  screws,  except  where  sheet  E  is  to 

overlap.  Then,  lay  sheet  D  and  fasten  it  to  the  purlins. 

Lay  sheet  E  over  sheet  C  to  make  a  I  »/2-corrugation 

sidelap,  and  lay  it  over  sheet  B  to  make  a  6-inch  endlap. 

Continue  this  operation  until  you  reach  an  expansion 


A.  CONVENTIONAL  SEAMER 


FOLDING  JAWS  SOOEEZING  JAWS 


D,  DOUBLE  SEAMING  DOLLY 

530-1751 


Figure  3-8.  Roofing  seamers  and  dolly. 
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SQUEEZING  TONGS 
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CLAMPING  TONGS 


530-3750 


Figure  3-9.  Roofing  tongs. 


joint  The  installation  procedure  for  V-crimp  or  ribbed 
Sheet  metal  is  the  same  as  for  corrugated  sheet  metal 
An  expansion  joint  may  be  made  like  the  one  shown 
in  view  A  for  figure  3-12.  This  is  an  end  view  of  an 

!i?rf."x°"  ■'°'"n  u    ''''  f""  length  of  the  roof 

slope.  To  install  the  expansion  joint,  fasten  the  Hashing 

li^H  ,'^°':'""f  '"°°/i"g  with  sheet  metal  screw? 
spaced  12  inche  apart.  Use  washers  with  the  screws  to 
prevent  water  seepage  around  the  heads.  After  the 

over  ;"hf  n'.  / °      """"^'"S  sheets,  install  the  cap 

over  the  flange.  Notice  that  the  cap  has  a  slight  pitch  so 
that  water  will  run  off. 


odlhf  !^  n-Tu-'^  ?  °ff'fiure3-l2isforthe gable 
slrL  ul  K  •  n  I"  ^"  ""'^  ^'^^  of  the  hashing. 
Seam  he  gab.'e  nashing  to  the  wall  nashing,and  fasten 
It  to  the  roof  with  sheet  metal  screws.  Install  the 

1oo.'"n      "'"u  "  °.^^'"'^P^  i"  the  direction  of  the  roof 
lope  Notice  the  drip  edge  on  the  gable  Hashing  where 
^IIow  'h'"        corrugated  roofing.  This  drip  edge 

Ridge  caps,  illustrated  in  view  C  of  figure  1-12  are 

tSoof  ist'd^H^'  ?^  "^h^y  Sailed  af  er 
the  roof  IS  laid.  The  ridge  cap  m  view  C-1  is  shop  made, 

fn  vie  J???'fT'  ^he  ridge  7./.  inches.  The  cap  shown 

on   Th?  "/^'^'"'■y  ""^^^       has  a  rolled  edge  on  the 

abnuJlt  ^ '^^P  "1"^  "^^^"^^  °^er  the  ridge 
about  7-/4  inches  on  each  side.  Install  both  cap  strips 

edge  of  the  closure  strip  is  cut  out  for  corrugations  Set 
this  edge  on  the  corrugated  metal  so  that  the  cap  strip 
D  of7ff.r"  ? ^°  the  cutout.  In  view 
a  fr/  t  '-^r  '^u^"  ^  '^^P  that  is  installed  with 
thriuX."'H  ^heet  "letal  screws  or  bolts  pass 
through  the  ridge  cap  and  closure  strip  and  into  the 
corrugated  initial  roof. 

sci'Z""'"^  f-  (/^^'v*  Grooved 

on  ^^!.V  T'/l!"''  ^^^^^^A""'  are  normally  used 

on  roofs  that  have  a  low  pitch  (./,  inch  to  3  inches)  The 
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Figure  3-10.  Roofing  folders. 
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Figure  3-1 1.  Installing  a  corrugated  roof  with  lap  seams. 
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Figure  3-12.  Installing  roofing  joints  and  sealers. 


roof  shown  in  figure  3-4  is  installed  with  fiat  scams  and 
cleats.  When  cutting  and  notching,  make  sure  that  you 
get  a  good  notch;  otherwise,  a  good  solder  joint  will  be 
hard  to  make.  A  good  notch  is  shown  in  view  A  of 
.gure  3-  3.  It  looks  like  view  B  after  the  edges  arc 
turned.  Notice  that  two  edges  are  turned  up  and  two 
are  turned  down.  This  allows  the  "down"  edges  to  be 
hooked  over  the  "up'  edges,  as  shown  in  figure  3-4 

When  laying  a  fiat  seam,  nail  the  eave  and  gable 
strips  as  shown  in  views  C  and  D  of  figure  3-13.  Install 
the  nashing  for  the  eave  with  cleats  and  a  continuous 
strip,  as  shown  in  view  C.  Do  not  nail  the  Hashing  to 
the  roof  deck.  Notice  that  a  3/,.inch  pocket  is  turned 
over  the  strip.  After  the  eave  Hashing  is  installed,  insert 
the  nat  sheet  into  the  pockets  of  the  Hashing  with  two 
edges  turned  down.  View  D  shows  the  gable  edge.  Lap 
the  sheet  and  grooved  (Hat)  seam  over  the  gable,  and  a 
/4-inch  pocket  IS  turned  When  covered  this  way,  the 

'"xL      u^T'  ^"'^  S^^'"       sealed  from  moisture. 

When  the  Hat  sheets  are  installed  on  a  roof,  as  shown 
in  figure  3-4,  make  sure  that  the  cleats  are  spaced 
correctly  and  that  the  s  ams  are  well  grooved.  Flatten 
them  with  a  mallet  and  set  the  grooves  with  a  hand 
groover.  Cover  the  entire  roof  to  within  -^V,  inches  of 
the  ridge  (view  E  of  fig.  3-13).  The  ridge  cap  can  be  cut 
and  formed  m  the  shop,  with  squaring  shears  and  a 
cornice  brake  Make  the  ridge  cap  in  two  halves:  one 
half  with  the  allowance  for  a  standingseam  pocket  and 
the  other  half  with  a  Hange  The  other  edges  of  both 
halves  are  turned  down  for  a  groove  (Hat)  seam. 

Fasten  the  roof  cap  to  the  roof  deck  with  cleats 
Insert  the  grooved  (Hat)  seam  edges  of  the  ridge  cap 
ha  yes  into  the  pockets  of  the  roofing  sheets,  and 
na  en  the  seams.  Using  a  double  seamer,  turn  and 
natten  the  pocket  for  the  standing  seam  on  the  ridge  in 
the  same  way  as  for  the  seam  shown  in  figure  3-3 
However,  you  must  use  a  conventional  seamer  and  a 
%  3  13)°  '^^"^  completely  over  in  (view  E  of 

All  the  seams  on  a  grooved  (nat)  seam  roof  with  less 
than  a  3-inch  slope  are  soldered,  usually  with  50/  50  bar 
solder.  You  will  need  solder,  nux,  soldering  coppers 
and  a  firepoot.  Carefully  sweat  the  solder  into  the 
seams  to  insure  a  well-  sealed  joint. 

Installing  a  roof  with  standing  seams.  Procedures 
for  installing  a  roof  with  standing  seams  are  shown  in 
figure  3-14.  View  A  shows  that  the  deck  is  covered  with 
roofing  felt,  and  some  of  the  sheets  are  installed  with 
double  lock  standing  seams  like  the  seams  shown  back 
in  figure  3-3. 

In  view  B  of  figure  3-14,  you  can  see  how  the  eave 
Hashing  is  installed  to  prevent  leaks.  The  continuous 
eave  strip  in  this  example  is  formed  into  a  Z-shape  and 
nailed  to  the  roof  deck;  it  extends  over  the  eave  %  inch. 
Place  the  metal  roofing  on  the  deck  so  that  a  y4-inch 
pocket  can  be  formed  over  the  3/4  inch  of  the  eave  strip 
that  extends  past  the  eave  edge.  Turn  the  ends  of  the 
standing  seams  1 80°  and  natten  them,  to  prevent  leaks 
Flashing  for  the  gable  edge  is  shown  in  view  C  of 
tigure  3-14.  Cut  a  strip  as  long  as  the  entire  length  of 
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3-13.  Grooved  (flat)  seams  used  with  metal  roofing. 
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F.  CROSS  SEAM 


Figure  3-14.  Standing  seams  used  with  metal  roofing. 
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the  gable.  Nail  it  to  the  gable  edge  so  that  it  extends  Va 
inch  below  the  bottom  of  the  gable  edge.  Cut  a  piece  of 
flashing  wide  enough  to  cover  the  thickness  of  the  roof 
deck,  and  to  form  a  >/4-inch  pocket,  a  Mnch  standing 
seam,  and  a  lA-inch  double  seam.  Form  the  y4-inch 
pocket  with  a  cornice  brake.  Form  the  double  seam 
with  the  double  seamer  when  you  install  the  flashmg. 

Cap  the  ridge  (view  D  of  fig.  3-14)  by  nailing  cleats  to 
the  roof  deck  and  forming  them  into  the  standing 
double  seam.  Where  the  standing  seam  which  runs  up 
the  slope  of  the  roof  joins  the  standing  seam  on  the 
ridge,  natten  the  seam  on  the  slope  and  form  it  into  the 
ridge  seam,  in  view  E  of  fig.  3-4). 

Join  the  cross  seams  with  '/-inch  grooved  seams,  as 
shown  in  view  F  of  figure  3-14,  and  seal  the  cross  seams 
with  solder.  Be  sure  to  seal  the  cross  seam  where  it  is 
formed  into  the  double  fold  of  the  standing  seam. 

Installing  a  roof  with  batten  seams.  Install  a  roof 
with  batten  seams  bv  putting  the  seams  over  the  batten 
strips  which  are  nailed  to  the  roof  deck.  (To  refresh 
vour  memory  of  how  to  make  a  batten  seam,  refer  to 
fig.  3-7.)  Figure  3-15  shows  how  the  batten  seams  are 
sealed  at  the  ridge,  battern.  Then,  as  in  view  B,  turn  a 
»/p-inch  edge  so  that  you  can  turn  the  cap  over  the  edge 
to  form  a  pocket.  After  you  turn  the  pocket  on  each 
side  of  the  ridge  cap,  flattern  it. 

Make  the  gamble  Hashing,  shown  m  view  C,  by 
turning  a  pocket  on  the  batten  that  you  can  fasten  to 
the  strip  which  is  nailed  to  the  edge  of  the  roof  deck. 
Place  the  gable  flashing  on  the  edge  of  the  roof,  turn  it 
90^  across  the  top  of  the  batten,  and  seam  it  into  the 
roofing  that  extends  up  the  other  side  of  the  batten. 

Seal  the  eave  end  of  the  batten  seam  as  shown  in 
views  D,  E,  F,  and  G.  First,  make  an  end  cap  with 
»/2-inch  edges  turned  up  90'='  (view  D).  Second,  extends 
the  roofing  1  inch  past  the  eave  and  make  a  Vi-inch 
pocket  (view  E).  Third,  make  a  cap  strip  and  extend  it  1 
inch  past  the  eave,  form  a  '/2-inch  pocket,  and  turn  the 
seams  (view  F).  Fourth,  flatten  the  cap  strip  over  the 
end  of  the  batten  (view  G);  this  seals  the  eave  end  of  the 
batten  seam. 

Exercises  (614): 

1 .  When  installing  lap  seam  corrugated  roofing,  which 
sheet  do  you  install  first? 


2.  When  can  you  begin  installing  the  second  row  of 
corrugated,  V-crimp,  or  ribbed  roofing? 


3.  Why  is  it  necessary  to  make  a  good  notch  when  you 
are  cutting  sheets  for  grooved  seam  roofing? 


4.  What  holds  the  gable  Hashing  of  a  standing  seam 
metal  roof  to  the  roof  deck? 


5.  What  is  the  step  in  forming  a  batten  ':cam  roof  that 
seals  the  end  of  the  batten? 


6.  a.  Where  is  a  closure  strip  used? 


b.  List  the  steps,  in  sequence  for  installing  a  closure 
strip. 


615.  Explain  methods  used  to  repair  metal  roofs,  and 
list  materials  used. 

Repair  of  Metal  Roofing.  Repair  of  metal  roofing  is 
seldom  necessary  if  the  roofing  was  properly  installed; 
however,  in  some  cases  a  seam,  may  crack  or  the  metal 
may  break,  thus  necessitating  repair. 

Copner  roofing.  Copper  roofing  is  usually  mstalled 
with  grooved  (flat)  seam,  batten  seams,  or  standing 
seams.  Therefore,  the  most  common  cause  of  trouble  is 
inadequate  expansion  joints.  If  cracks  occur,  install  an 
expansion  joint.  Repair  small  holes  and  breaks  m 
copper  by  solderin  the  hole  or  break.  Clean  the  surface 
around  the  break  with  a  wire  brush  or  emery  cloth, 
apply  flux,  and  solder  the  spot.  Repair  large  breaks  by 
soldering  a  patch  over  the  break. 

Galvanized  iron  roofing.  Galvanized  iron  rooting 
will  not  require  very  much  repair  if  it  is  installed  and 
maintained  properly.  Repairs  to  a  galvanized  iron  roof 
are  usually  needed  because  of  small  breaks  and  holes, 
wnich  you  can  repair  by  soldering.  If  a  sheet  has  a  large 

break,  replace  it.  •         •  ^ 

Aluminum  roofing.  Aluminum  roofing  is  repaired 

like  galvanized  iron  roofs.  Usually,  the  sheet  which  is 

damaged  needs  replacing;  however,  you  can  patch 

small  holes  and  cracks. 

If  you  make  a  patch,  use  the  same  type  metal  that 

was  used  on  the  original  roof.  Since  roofs  with  steel 

purlins  do  not  normally  have  decking,  and  the  roofing 

can  be  reached  from  both  sides,  you  can  rivet  a  patch  to 

the  metal. 

Exercises  (615): 

1 .  What  is  done  to  repair  1  hole  or  break  in  a  grooved 
seam  copper  roof? 
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Figure  3  15.  Details  of  a  batten  seam. 
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2.  Uow  is  a  large  break  in  a  galvani/cd  root'  repaired? 


3.  1  ist  the  steps  and  materials  used  to  prepare  a  copper 
roof  section  tor  repairing  a  crack. 


4,  l  ist  the  steps  to  repair  a  2-inch  hole  in  an  aluminum 
roof. 


5.  To  repair  most  breaks  and  cracks  in  galvanized 
roofing,  you  should  use  


3-2,  Flashing 

Eat  Her  in  this  course,  we  discussed  the  use  of  flash 
with  stacks  and  ventilators.  Flashing  is  also  used  with 
me  roofing,  shingle  roofing,  tar  and  gravel  roofing,  and 
built-up  asphalt  roofing,  to  weatherproof  the  jomts 
and  edges.  Although,  we  have  already  mentioned 
flashing  in  the  discussions  about  metal  roofing,  we 
should  know  more  about  the  various  types  of  flashing 
and  how  they  are  made,  installed,  and  repaired. 

616.  Name  various  types  of  flashings,  and  tell  where 
they  are  used. 

Types  of  Flashing.  Flashing  consists  of  many  tvpes. 
such  as  valley,  fascia,  corner,  gable,  and  ridge.  When 
made  of  metal,  flashing  may  be  copper,  alummum, 
lead,  or  galvanized  iron. 

Valley  flashing.  Valley  flashing,  such  as  shown  \n 
figure  3-16,  is  used  where  two  sloping  roofs  join.  Valley 
flashing  may  be  fastened  to  roof  decks,  sides  of 
buildings,  ridge  and  the  edges  of  gables  and  eaves. 
Typical  fasteners  are  cleats,  nails,  screws,  or  nuts  and 
bolts.  In  some  cases,  flashing  may  be  riveted.  The  type 
of  fastening  device  is  usually  specified  on  the  drawing. 

For  typical  valley  flashing  on  a  sloping  roof,  the  kind 
of  metal  used  on  the  roof  determines  the  kind  of 
material  used  for  the  flashing  and  fasteners. 
Remember  that  dissimilar  metals  are  not  to  be  jomed. 
li  copper  flashing  is  held  by  cleats,  use  copper  or 
bronze  nails  to  fasten  the  cleats  to  the  roof  deck.  Lap 
the  upper  end  of  the  valley  flashing  under  the  ridge  cap, 
and  lap  the  lower  end  over  the  eave. 

Fascia  and  gravel  guard  flashing.  The  fascia  and 
gravel  guard  flashing  should  not  be  over  8  feet  long, 
and  it  should  be  wide  enough  to  extend  4  inches  under 
the  roofing  material.  If  the  face  of  the  fascia  is  over  5 
inches  wide,  it  should  have  a  >/2-inch  V-crimp.  Secure 
the  bottom  of  th  metal  faccia  flashing  with  a 
continuous  strip  nailed  to  the  bottom  of  the  fascia 
board.  Space  the  nails  at  6-inches,  in  the  center.  Form 
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Figure  3-16.  Valley  flashing. 


the  bottom  edge  of  the  fascia  flashing  into  a  1-inch 
pocket  over  the  strip,  and  bend  it  45^  to  form  a  drip 

edge.  .  .  , 

Expansion  joints  should  be  used  at  intervals 
specified  on  the  drawings.  These  expansion  jomts 
should  allow  for  Va  inch  of  expansion  and  contraction. 
The  expansion  joint  should  extend  4  inches  over  the 
roof,  and  cover  the  full  width  of  the  fascia  flashing. 

When  the  fascia  flashing  is  spliced,  the  butt  joint 
should  be  concealed  with  a  cap  strip.  The  cap  strip 
should  have  the  same  shape  as  the  fascia,  and  should 
lap  the  fascia  2  inches  in  each  direction  from  the  splice. 

Gable  flashing.  Gable  flashing  is  used  to  seal  the 
edge  of  a  roof  at  the  gable.  In  view  B  of  figure  3-12,  the 
flashing  is  formed  over  the  edge  of  the  gnhle.  Notice 
how  a  drip  edge  is  turned  on  the  top  part  of  the  flashing 
so  that  water  will  be  discharged  into  the  valley  of  the 
corrugated  roof.  The  bottom  edge  is  formed  into  a 
pocket  to  join  the  wall  flashing.  This  completely  seals 
the  gable  edge  from  moisture.  In  view  D  of  figure  3-13, 
you  can  see  how  the  gable  flashing  is  fastened  to  the 
roof  with  a  metal  strip.  The  flashing  is  formed  over  the 
strip  so  that  the  flashing  is  fastened  at  the  bottom. 

Eave  flashing.  Eave  flashing,  such  as  that  shown  in 
view  C  of  figure  3-13,  is  u^ed  to  seal  the  eaves  of  roofs. 
Gable  and  eave  flashings  are  used  on  most  roofs 
including  asphalt  shingle,  built-up  asphalt,  tar  and 
gravel,  and  metal.  (The  working  drawmgs  should 
specify  how  the  eave  flashing  is  to  be  made.) 
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/?/^^l:<^/7«A•^,„^^^^  An  e.xa.i.ple  of  ridge  fli.shi,,.  io, 
.oofs  ,s  shown  .„  views  C  and  D  of  figmc  5   2'/  . 
metal  ndgc  cap  (flashing)  is  nscd  0,1  many  types 
roofs.  Io  fasten  this  flashing  on  metal  roo?s  use  sl  cc 
metal  screws  or  bolts,  as  indicated  in  figure  V12  0, 
asphalt  shmgle  roofs,  yon  can  fasten  1  e^H    h  ng  w 
na.ls;  be  sure  to  lap  the  ends  at  least  4  inches^    ^  ' 

Exercises  (616): 


2.  Name  the  flashin*'  iis'-d  t-^  -  .^  w  - 

of  a  roof.  tv:).ovci  iric  uppermost  part 


^-  a.  How  may  valley  flashing  be  fi 
or  wall? 


istened  to  the  roof 


V-cnmp.  and  how  w.de  should  this  flashine  be^ 


5.  Which  flashing  is  formed  from  part  of  the  roofin. 
and  not  irom  a  separate  piece?  '"onnfe 


'  ruIdltbrC:?;^'"^  installed,  and  how  much 


mluint"'"'  ■^^^'^^        '"^'^''-S  repairing 

JZ!"""r""-"^  ^/«.v/»//;^.    To    install   the  fascia 
'lashing,  first  install  the  tar  stoo   In<:.all  th» 
strip  on  the  wood  fascia  Next  insta    the  exn.t 

made  "^^iirT'-  '/-"^'^  -ztor;'aii:r:cris 

made    Apply   plastic  roofing  cement  (mastic^  in 


ic  next  part  o;  the  installation  is  to  join  the  8-foot 

dg        "  frr-  '-'"'^'^  P"'-''^'^''"  the  bottom 

edge  Alter  the  grooved  seam  is  hooked,  flatten  it  with 
.  mallet  and  so  der  it.  (The  metal  has  already  been 
mned,  so  .soldering  will  not  be  difficult.)  To  solder  the 
,e rV'^PP'y  ^."d  sweat-solder  the  seam  with  a 

.1^.      '  2  '°  the  seam,  as  vou  do  he 

soldering.  Sweat-solder  the  entire  length  of  the\°a,n 
to   msure  that   it   won't  leak.  Copper  requires  a 
considerable  amount  of  heat  when  itTs  soldea-d 
as  exnlLin"nr'"fH'"''""'  "^'^hingare  installed 

h  ir.l  t^llV     P^'^"^'"^  paragraphs.  Make  sure 
roofini  J"'"fs  '-^re  made  watertight  and  that 

roofing  mastic  is  applied  at  each  expansion  joint. 

Repairing  of  Flashing.  Repair  of  flash  ng  m  iv 
'Hvolve  the  making  of  new  flashing,  or  patching  S 
solder  or  with  plastic  roofing  cement.  Copper  flashing 
can  usually  be  repaired  by  resolderingT  seam  of 
spot-solderinga  hole  in  the  flashing.  To  solder  copp-r 
clean  thespotwuha  wire  brushoremery cloth  untK; 

witt^Mo^bf  "^'''''.r^^  solder  tr  ho 

with  50/50  bar  solder.  If  a  large  hole  in  copper  flashing 

needs  repairing,  clean  the  area  to  be  solder'ed,  apply  f 
flux,  tin  the  surface,  make  a  patch  from  copper  and 
solder  the  patch  over  the  hole  ' 

Flashing  made  of  galvanized  iron  is  usually  repaired 
by  replacing  the  damaged  metal.  When  replacemen  t 
required,  removed  the  old  flashing  and  make  a  new 
P.cce  hke  the  old  one.  When  replacing  thTnew  piece 

"  B  fsrnV  h"'  -ith'roofin"gTemen  : 

Hase  flashing  damage  is  usually  caused  bv  naik 
working  loose,  and  the  metal  separating "om  th'e  roof 
nd    enni^^H  ^PP'^  "i^^fng  cement  under  the  flashing; 
'ddK  aTh  n  H   ""^^'"S,t^  the  roof.  After  renailinf 
the'n'ashing  'heedge  of 

if  insSleT^'H"'''-'^"'''  '"-^^  f^^'ong  periods  of  time 
^installed  and  maintained  properly.  You  will  find  that 
most  repairs  are  necessary  because  nails  or  o  he 
fasteners  work  loose.  "'"'''^ 

Exercises  (617): 


mstallmg  fascia  flashing? 


are 


2.  Aftcryou  have  joined  the  8-foot  joint.s  of  fascia,  and 
th.^grooved  seam  has  been  hooked,  whatdoyoudo 


repairing  a  small 


36 


ERIC 


ERIC 


BEAD 


BOX  GUTTER  OGEE 


BOX  GUTTER 


HALF  ROUND  (SINGLE  BEAD) 


HALF  ROUND  (DOUBLE  BEAD) 
530-3705 


F'igurc  }  18.  Gutter  shapes 


3-3.  Gutters  and  Downspouts 
618.  Identify  gutter  components  with  their  purposes. 

Gutters  and  downspouts  are  installed  on  buildings 
to  handle  the  flow  of  water  discharged  from  a  roof. 
They  may  be  made  from  galvanized  iron,  stainless 
steel,  copper,  or  aluminum.  Figure  3-17  shows  the 
components  of  a  gutter  and  downspout  system  which 
are  installed  on  a  building. 

Gutter  Shapes.  Gutters  are  made  in  several  different 
shapes  (usually  to  the  specification  on  the  working 
drawings)  to  fit  special  needs.  Figure  3-18  shows  four 
basic  shapes  of  gutters,  from  which  many  variations 
are  possible.  Box  gutters  are  made  in  several  shapes. 
The  ogee  box  gutter  is  often  used  on  buildings  and  can 
be  purchased  in  standard  sizes,  such  as  4-,  5-,  6-,  and 
7-mch  widths  and  10-foot  lengths.  The  width  is  the 
distance  across  the  top.  The  box  gutter  with  a  single 
bead  is  usually  shop  made,  and  the  length  is 
determined  by  the  requirements  of  the  job.  Standard 
lengths  of  10  feet  and  20  feet  are  available  on  the  local 
market.  However,  the  maximum  length  that  you  can 
make  is  determined  by  the  length  of  the  cornice  brake 


in  your  shop.  Ten-foot  joints  are  probably  the 
maximum  lengths  that  can  be  made  in  your  shop. 
Half-round  gutters,  like  the  ones  shown  in  figure  3-18, 
may  have  a  single  bead  or  a  double  bead  on  the  edges, 
i  he  beads  add  strength  to  the  gutter  and  improve  the 
appearance.  Half-round  gutters  can  also  be  purchased 
in  standard  sizes,  such  as  4-,  5-,  6-,  and  7-inch  widths 
and  10-foot  lengths. 

Cutter  Components.  Other  components  used  with 
straight  joints  of  gutter  are  parts  such  as  slip  joints,  end 
caps,  corner  miters,  hangar  parts,  strainers,  and 
downspout  drop  outlets. 

Siip  foinis.  Slip  joints  are  used  to  join  straight 
sections  and  corner  miters.  They  may  be  made  of 
galvanized  iron,  stainless  steel,  copper,  or  aluminum 
1  hey  may  be  purchased  or  made  in  the  shop.  The  joint 
connection  should  match  the  size  and  shape  of  the 
gutter.  When  using  slip  joints  to  join  gutters,  use  a 
nonhardening  sealing  cement.  Slip  joints  (fig.  3-17) 
allow  for  expansion  and  contraction  of  the  gutter  when 
the  temperature  changes. 

End  caps.  End  caps  are  used  as  plugs  at  the  ends  of 
gutters.  These  caps  are  sometimes  called  friction  caps 
because  the  edges  are  folded  into  a  pocket  similar  to  the 
pocket  of  a  standing  seam.  This  pocket  is  on  the  right 
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end  cap.  On  galvanized  and  copper  gutters,  the  caps 
are  soldered  during  installation.  On  aluminum  gutters, 
the  caps  are  sealed  with  a  plastic  cement  compound 
during  installation.  End  caps  can  be  purchased,  or 
made,  to  fit  the  gutter  that  is  being  installed. 

Corner  miters.  Inside  and  outside  corner  miters  are 
shown  in  figure  3-17.  These  miters  can  be  purchased  in 
standard  sizes  for  box  and  half-roound  gutters. 
Purchased  corner  miters  are  usually  6  inches  long  on 
each  side  of  the  turn.  They  are  joined  to  the  gutter  with 
slip  joints,  or  they  may  be  lapped,  riveted,  and  sealed. 
If  the  joints  are  lapped,  the  lap  should  be  in  the 
direction  of  flow.  The  lap  should  be  at  least  1  inch  in 
order  to  insure  a  strong  joint. 

Hangers.  Hangers,  (see  figs.  3-17  and  3-19)  arc  used 
to  support  and  hang  box  gutters  and  half-round 
gutters.  The  hanger  shown  in  view  A  of  figure  3-19  acts 
as  a  hanger  and  as  a  brace.  Two  parts  make  up  this 
hanger:  the  hanger  and  the  fastener  st  p.  Nail  the 
hanger  to  the  fascia  board  and  into  the  ratter;  then  slip 
the  gutter  under  the  back  lip  of  the  hanger  and  fit  it  into 
place.  Next,  hook  the  slot  in  the  fastener  straps  over  the 
front  lip  on  the  hanger  and  snap  it  over  the  bead  of  the 
gutter,  as  shown  in  the  illustration. 

Ferrules  and  spikes  (see  view  B  of  fig.  3-19)  are  used 
to  hang  gutters.  The  ferrule  length  is  determined  by  the 
size  of  the  gutter  being  installed,  and  the  length  of  the 
spike  is  determined  by  the  ferrule  length.  For  example, 
a  4-inch  ferrule  should  have  a  7-inch  spike  because  the 
spike  should  extend  through  the  ferrule  approximately 
3  inches  so  that  the  spike  will  be  held  securely  by  the 
wood  rafter.  To  install  a  ferrule  and  a  spike,  insert  the 
ferrule  between  the  gutter  beads,  and  drive  the  spike 
through  the  outside  gutter  bead,  the  ferrule,  the  back 
side  of  the  gutter,  the  fascia,  and  into  the  rafter.  When  a 
ferrule  is  installed,  it  should  look  like  the  one  shown  in 
view  B  of  figure  3-19. 

The  hanger  shown  in  view  C  of  figure  3-19  is  for  a 
single-bead  half-round  gutter.  Notice  that  it  is  made  in 
two  parts —  the  hanger  and  a  half-circle  brace — and  is 
fastened  with  nails  to  the  fascia  board  and  the  rafter. 
The  hanger  part  has  several  vertical  holes  for  height 
adjustment.  The  half-circle  brace  for  single-bead 
half-round  gutter  can  be  used  with  several  types  of 
gutters,  as  shown  in  views  C,  D,  and  E.  Notice  that  the 
hanger  in  view  D  is  nailed  under  the  shingles.  This  type 
of  hanger  is  made  for  the  pitch  of  the  roof,  so  that  the 
half-circle  brace  will  hold  the  gutter  level.  The 
half-circle  brace  shown  in  view  D  is  for  a  double-bead 
half-round  gutter.  It  has  a  lip  on  the  back  of  the  brace. 
The  hanger  in  view  E  is  adjustable,  and  is  used  when 
the  roof  has  a  pitch  and  the  hanger  is  being  installed 
under  the  eave.  View  E  shows  how  the  hanger  adjusted 
to  the  roof  pitch. 

Other  hangers,  such  as  the  strap  hanger  in  figure 
3-17,  may  be  used  to  hang  gutters.  Strap  ha;  gers  may 
be  shop  made  or  purchased;  they  are  nailed  to  the  roof 
deck  and  bolted  to  the  bead  on  the  gutter.  When  this 
type  of  hanger  is  used,  a  brace  is  also  used  for 
additional  strength. 


Metal  huil(Jin^\s\  Clutters  on  metal  buildings  are 
supported  from  ihe  roof.  I  hey  must  he  situated  well 
under  the  eave.  These  gutters  are  usually  quite  large,  to 
carry  off  heavy  rain  water.  In  figure  3-20  is  a  cutaway 
view  of  the  typical  metal  buildinggutter.  If  the  building 
is  insulated,  the  rubber  closure  sfips  must  be  in  place. 
Special  care  must  be  exercised  when  you  are  removing 
or  replacing  this  type  of  gutter,  due  to  its  large  size. 

Strainers.  Strainers,  (fig.  3-17)  can  be  shop  made  or 
purchased.  Install  a  strainer  at  each  downspout  drop  to 
prevent  the  downspout  from  being  clogged  with  leaves 
or  trash.  Make  the  strainer  so  that  it  can  be  easily 
removed  for  cleaning.  The  strainer  shown  in  figure 
3-17  is  made  so  that  it  is  wedged  into  the  gutter. 

Downspout  drop  outlets.  Downspout  drop  outlets, 
like  those  shown  in  figure  3-17  and  parts  A  and  B  of 
figure  3-2 1 ,  are  fastened  to  the  flat  bottom  gutters.  The 
round  shape  in  view  A  of  figure  3-21  can  be  used  with 
square  or  round  downspouting.  The  downspout  outlet 
shown  in  view  B  is  for  square  downspouting  only.  The 
oval  downspout  outlet  shown  in  view  C  is  for  round 
and  rectangular  downspouting,  and  is  used  with 
half-round  gutter  only.  All  of  the  outlets  taper  so  that 
the  downspout  pipe  will  fit  over  the  outlet.  When 
making  a  drop  outlet  in  the  shop,  you  should  make  it 
about  Vsinch  smaller  than  the  downspout  so  that  the 
downspout  will  fit  over  the  outlet.  To  fasten  the 
downspout  drop  outlet  to  the  bottom  of  a  gutter, 
solder  the  flanges  on  the  inside  of  galvanized  gutters. 
For  copp^i  gutters,  rivet  the  flange  to  the  gutter  and 
then  solder  it  On  aluminum  gutters,  the  flange  can  be 
soldcMx  1  or  riveted.  Where  the  flange  is  riveted,  use 
plastic  cement. 


E?Lercises  (618): 

1.  A  gutter  having  a  round  bottom  and  both  edges 

tightly     rolled     is     called  a  

 gutter. 


2.  What  type  of  sealant  should  be  used  for  connecting 
gutter  sections  with  a  slip  joint? 


3.  What  item(s)  can  be  used  to  hang  ogee  gutters? 


4.  What  item  is  used  to  prevent  the  downspout  from 
being  clogged? 
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Figure  3-19.  Gutter  hangers  and  braces. 
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Figure  3-20.  Gutter  on  metal  building. 


5,  V/hat  is  the  difference  between  an  ogee  gutter  and 
other  box  gutters? 


6,  What  blocks  the  end  of  a  gutter,  and  how  is  it  held  in 
place? 


619.  Identify  downspout  components  and  the 
purposes  they  serve. 

Downspouts.  Downspouts  are  used  to  route  water 
from  a  gutter  to  the  drainage  system  or  to  ground  level. 
They  are  also  called  conductor  pipe  or  rain  pipe.  Some 
downspouts  can  be  purchased  more  cheaply  than  they 
can  be  made  unless  special  equipment  is  not  available 
in  the  sheet  metal  shop.  However,  it  is  possible  to  make 
square-  or  rectangular-shaped  downspouts  in  most 
shops.  Downspout  shapes  and  sizes  such  as  those 
shown  in  figure  3-22  are  available.  Plain  and 
corrugated  rectangular  downspouts  are  usually  2''  x  3" 
or  3''  X  4";  square  corrugated  downspouts  are  available 
in  2-,  3-,  4-,  and  5-inch  sizes;  round  corrugated 
downspouts  are  available  in  2-,  3-,  4-,  5-,  and  6-inch 
sizes;  and  plain  round  downspouts  are  available  in 
1  Vi-,  2-,  3-,  4-,  5-,  and  6-inch  sizes.  The  standard  length 
of  these  conductors  is  10  feet. 
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Components.  The  material  from  which  these 
downspouts  are  made  depends  on  the  material  used  for 
the  gutter.  This  is  why  most  downspout  components 
are  available  in  galvanized  iron,  stainless  steel,  copper, 
or  aluminum.  Corrugateu  downspouts  are  normally 
used  in  localities  where  the  water  may  freeze  in  the 
conductor.  The  corrugations  allow  for  expansion 
when  water  freezes.  Under  freezing  conditions,  plain 
downspouts  may  rupture  because  there  is  no  provision 
for  expansion  of  the  pipe. 


OVAL  53-1278 


Figure  3-21.  Downspout  drop  outlets. 
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Figure  3-22.  Downspouts. 


Downspout  components  include  straight  joints, 
elbows,  and  hangers.  The  elbows  are  used  to  make 
offsets  and  turns  for  routing  the  downspout.  Elbows 
are  available  in  different  angles,  such  as  30°,  45°,  60° 
and  90° .  There  are  no  sharp  turns  where  the  elbows  are 
used.  Sharp  turns  are  avoided  in  order  to  get  a  smooth 
flow.  The  elbow  at  the  bottom  of  the  downspout  is 
sometimes  called  a  shoe;  it  turns  the  water  away  from 
the  building.  A  concrete  pad  should  be  placed  at  this 
outlet  to  avoid  washing  soil  away  from  the  building. 

Purpose.  Strap  hangers  are  used  to  support  the 
conductor.  They  may  be  readymade,  or  they  may  be 
made  in  the  shop  from  galvanized  iron,  stainless  steel, 
copper,  or  aluminum.  The  straps  are  usually  2  to  4 


inches  wide,  and  long  enough  to  fit  around  the 
downspout  and  make  two  flanges  for  fasten  to  the  wall. 
The  strap  hangers  are  fastened  to  the  wall  with  nails, 
sheet  metal  screws,  or  bolts,  depending  upon  the 
material  the  wall  is  made  of.  If  the  wall  siding  is  wood, 
use  nails;  if  the  siding  is  metal,  use  sheet  metal  screws;  if 
the  wall  is  masonry,  use  an  anchor  and  bolt.  Fasten  the 
hangers  to  the  conductor  with  sheet  metal  screws  The 
spacing  for  the  hangers  should  be  specified  on  the 
working  drawings.  If  it  is  not  specified,  a  good  rule  to 
follow  is  two  hangers  for  each  10-foot  joint  of 
downspout. 

Exercises  (619); 

1.  Conductor    pipes    are    used  to  


2.  Corrugated  downspouts  are  used  in 
to  provide  expansion  when  water 


3.  Downspouts  are  available  in  different  materials  so 
that  


4.  A  smooth  water  flow  in  a  conductor  is  obtained 
by-  


5.  A    concrete    pad    is    placed    under   the  shoe 
to  


6.  To  secure  a  downspout  to  a  brick  wall,  use 


620.  State  procedures  for  installing  gutters  and 
downspouts. 

Installation  of  Gutters  and  Downspouts.  Install 
gutters  and  downspouts  as  specified  on  the  working 
drawings.  The  following  is  a  typical  specification  that 
you  may  find  on  a  working  drawing: 

Gutters  are  to  be  installed  with  the  high  end  opposite  the 
downspout,  so  the  water  will  now  to  the  downspout  outlet.  Hangers 
are  to  be  installed  not  more  than  30  inches  apart  on  center. 
Expansion  joints  should  be  located  at  40-foot  intervals  for  1 6-ounce 
copper,  and  at  48-foot  intervals  for  20-ounce  (and  thicker)  copper. 
When  the  gutter  is  aluminum  with  a  thickness  of  0.032  inch,  the 
expansion  joint  should  be  at  32-foot  interval  it  should  be  at  40-foot 
mtervals  for  aluminum  which  is  0.040  inch  or  thicker. 
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Figure  3  23.  End  views  of  ogee  box  gutters. 


Specifications  for  the  installation  of  downspouts 
may  also  require  that  slip  joints  telescope  P/i  inches  in 
the  direction  of  flow.  Fasten  these  joints  with  sheet 
metal  screws  and  solder.  The  downspout  should  be 
plumb  with  the  wall,  but  not  against  it;  use  straps  to 
hold  it  away  from  the  wall.  Fasten  the  straps  to  the 
downspout  with  three  screws  and  to  the  wall  with  two 
screws. 


Gutter  installation.  To  see  how  installation 
specifications  are  applied,  let's  go  through  a 
step-by-step  description  of  a  typical  installation 
procedure.  Suppose  this  gutter  is  to  be  installed  over  a 
building  entrance  that  is  6  feet  across  the  front,  is  3  feet 
between  corner  miters,  and  extends  3  feet  from  the 
inside  corner  miter  to  the  end.  The  gutter  is  galvanized 
iron,  and  was  purchased  readymade.  The  gutter  is  to  be 
hung  with  hangers. 

Start  the  installation  by  making  a  chalk  line  on  the 
fascia  board.  Start  the  chalk  line  on  the  end  opposite 
the  downspout  location.  Hold  the  chalk  line  as  close  to 
the  eave  overhang  as  possible.  On  the  other  end,  lower 
the  chalk  line  l/i  inch  so  that  the  gutter  will  have  enough 
drop  to  allow  the  water  to  flow  tow  ard  the  downspout. 
Pull  the  line  straight  out,  and  then  release  it  to  make  a 
straight  chalk  mark.  This  is  the  chalk  line  for  the  6-foot 
side  of  the  front  entrance  shown  in  figure  3-23.  Next, 
place  one  end  of  the  chalk  line  on  the  '/i-inch  mark  at 
the  outside  corner,  and  stretch  the  line  to  the  inside 
corner,  lowering  it  !4  inch  more.  Pull  the  string  tight 
and  make  another  chalk  mark.  Make  the  last  chalk 
line,  with  another  i/i-inch  drop,  from  the  inside  corner 
to  the  end  of  the  gutter  where  the  downspout  is  located. 

You  can  now  install  the  hangers  by  nailing  the  first 
hanger  about  3  inches  from  the  high  end  of  the  gutter. 
Make  sure  that  the  top  of  the  hanger  is  placed  on  the 
chalk  line.  Install  the  next  hanger  3  inches  from  the 
outside  corner.  Since  specifications  require  hangers  on 
not  more  than  30-inch  centers,  install  two  hangers  22 
inches  apart  between  the  end  hangers.  Next,  install  the 
hangers  between  the  outside  corner  and  the  inside 
corner,  3  inches  from  the  corners.  The  next  hangers  to 
be  installed  are  between  the  inside  corner  and  the  outlet 
end  of  the  gutter.  One  hanger  is  3  inches  from  the  inside 
corner,  and  one  is  about  2  inches  from  the  gutter  end. 
Don't  place  the  end  hangers  too  close  to  the  end  caps. 

Installation  of  the  inside  corner  miter  is  next.  Place  it 
in  the  hanger  with  the  top  edge  on  the  back  of  the  gutter 
under  the  lip  on  the  hanger.  Apply  mastic  (plastic 
cement)  in  the  pockets  of  the  two  slip  joints  with  a 
putty  knife,  and  install  the  slip  joints  on  each  end  of  the 
inside  corner  miter.  Install  the  outside  corner  miter  the 
same  way.  Next,  measure  the  distance  from  the  bottom 
of  the  pockets  on  the  two  corner  miters.  This 
measurement  should  be  close  to  23  inches  because  the 
slip  joints  should  have  a  !^-inch  spacer.  Cut  a  piece  of 
the  straight  gutter  to  23  inches,  remove  the  outside 
corner  miter,  and  slip  the  straight  piece  into  the  pocket 
at  the  inside  corner  miter.  Now,  reinstall  the  outside 
corner  miter  by  slipping  its  joint  pocket  over  the  edge 
of  the  straight  gutter  piece.  The  snap  locks  can  now  be 
installed  on  the  hangers  to  hold  the  gutter  in  position. 

The  front  gutter  can  now  be  installed.  First,  measure 
from  the  pocket  of  the  slip  joint  (at  the  outside  corner 
miter)  to  the  end  of  the  building.  This  measurement 
should  be  close  to  65  V2  inches.  Cut  the  straight  gutter 
piece  to  this  length,  and  install  the  end  cap  (with  solder) 
to  this  straight  gutter;  install  the  gutter  by  placing  the 
back  edge  under  the  lip  on  the  hangers  and  pressing 
down  on  the  front  of  the  gutter.  Slide  this  straight 


43 


EKLC 


434 


gutter  into  the  outside  corner  slip  joint,  and  install  the 
snap  locks  on  the  liangcrs. 

The  last  piece  of  gutter  to  install  is  tlie  straight  pieee 
witli  the  downspout  drop  outlet.  Begin  by  cuttir^^i  a 
piece  of  straight  gutter  29  inches  long.  Measure  6 
inches  from  the  outside  edge  for  the  center  of  the  drop 
outlet.  Cut  a  hole  for  the  drop  outlet,  install  the  drop 
outlet  (with  the  flange  inside),  and  solder  around  the 
flange.  With  the  outlet  and  the  end  cap  soldered  in 
place,  the  gutter  is  ready  to  install  in  the  hangers.  Do 
this  by  inserting  the  back  edge  of  the  gutter  under  the 
lip  on  the  hangers,  pushing  down  on  the  front,  slipping 
the  edge  into  the  slip  joint,  and  installing  the  snap 
locks.  Check  all  slip  joints  to  sec  that  they  arc  well 
sealed.  Apply  mastic  where  necessary. 

Downspout  installation.  Now,  let's  see  how  this 
downspout  is  installed.  Measure  the  distance  from  the 
bottom  of  the  gutter  (top  of  the  drop  outlet)  to  the 
ground.  Assume  that  this  measurement  is  1 1  feet  6 
inches,  and  that  one  1 0-foot  length  of  straight 
downspout  and  three  elbow,s  -one  90°  and  two  45°  — 
are  needed.  A  downspout  assembly  is  shown  in  figure 
3-17.  (In  this  case,  the  assembled  downspout  is  short 
enough  to  be  held  in  place  to  check  the  fit.)  Fasten  the 
pieces  together  with  sheet  metal  screws  or  blind  rivets, 
and  solder  the  joint  connections.  Position  the 
assembled  downspout  with  the  upper  elbow  fitting 
over  the  gutter  drip  outlet,  fasten  with  sheet  metal 
screws,  and  install  three  strap  hangers  to  support  the 
downspout. 

Exercises  (620): 

1.  Where  does  the  chalk  line  begin  for  the  installation 
of  a  rain  gutter? 


2.  What  is  used  to  seal  a  slip  joint  connection? 


3.  To  complete  the  installation  of  a  downspout,  what 
steps  should  be  taken? 


4.  At  what  interval  do  you  place  hangers  for  a  gutter? 


5.  Before  you  install  a  corner  miter  on  a  building,  what 
do  you  use  to  seal  the  item  to  the  corner? 


6.  After  the  corners  have  been  installed,  what  is  the 
next  stage. 
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7.  How  neai  to  the  eiul  ol  a  lUKtcj  do  \  on  put  thcdrop 
outlet? 


621.  Tell  how  to  make  minor  repairs  to  puffers  and 
downspouts. 

Minor  Rc/xiirs  of  (r utters  and  /^ouvrs/^o/z/.v.  Cintter 
and  dowtispout  repairs  aie  usually  minor  repairs, such 
as  resealing  joints  and  retastening  lianizcis.  (Major 
repair  includes  the  i  cnlaeenieMt  ol  gutters  and 
downspout  components  Helore  resealing  Joint 
connections  with  niastie,  renio\e  the  old  niastie  so  that 
the  outside  edges  oi  the  joint  are  clean.  Apply  new 
mastic  with  a  putty  knife  or  calking  gun.  To  resolder 
seams,  lirst  clean  the  seams  by  heating  the  solder  and 
wiping  it  with  a  clean  tianipened  cloth,  applying  ilux, 
and  tinning  the  seam.  After  the  scam  is  cleaned,  solder 
it  with  a  well-heated  copper  and  hnr  solder.  Small  holes 
in  gutters  and  downspouts  can  be  easily  repaired  with 
solder,  just  like  minor  repairs  on  metal  rools.  Larger 
holes,  however,  may  require  that  a  patch  be  made  and 
installed.  Hangers  that  have  pulled  loose  mny  be 
refastened  with  sheet  nietai  screws,  nails,  or  bolls.  If  a 
hanger  is  missing,  a  new  one  should  be  made  (to  mateli 
the  others). 

When  small  holes  are  found  in  gutters  or 
downspouts,  carefully  examine  the  diimaged  areas  for 
evidence  of  corrosion  (rust).  To  detect  these  areas,  look 
for  spots  where  the  r\ist  is  showing.  You  should  be  able 
to  see  rust  scales  if  a  spot  is  bad.  Pits  will  show  in  the 
metal  where  corrosion  is  beginiiini'  take  hold.  On 
gutters  that  have  been  painted,  corrosion  can  occur 
under  the  paint.  In  some  eases,  this  may  be  only  a 
bubble  on  the  surface,  and  a  small  pin  hole  tiiat  reveals 
only  a  small  area  of  corrosion.  If  the  bubble  is  removed 
with  a  putty  knife,  a  large  area  of  rust  may  beexposed. 
The  area  should  be  thorougl'dy  examined  tv)  determine 
how  deeply  the  rust  has  penetrated.  I  he  strength  of  the 
metal  can  be  tested  by  pressing  against  the  corroded 
surface  with  the  tip  of  the  putty  knife  blade.  If  the  metal 
gives  way,  replace  the  damaged  metal. 

Exercises  (621): 

1.  How  should  a  leaking  slip      nt  !)e  repaired? 


2.  What  should  you  do  i(  a  handier  is  missing? 


3.  How  nro  minor  (small)  holes  repaired? 
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622.  Identify  steps  used  in  the  fabrication  of 
replacement  gutters  and  downspouts. 

Replacement  (Fabrication)  of  Gutters  and 
Downspouts. 

To  replace  all  or  portions  of  gullers  or  downspouts, 
you  must  determine  what  is  to  be  made  and  what 
material  is  to  be  used.  Make  a  sketch  of  the  gutter  and 
downspouts  (include  dimensions  and  shape).  After  the 
sketch  is  made  with  all  of  the  necessary  measurements, 
you  can  return  to  the  shop  to  begin  fabrication  of  the 
replacement  pieces. 

Straight  gutter.  For  this  example,  assume  that  you 
are  to  fabricate  two  10-foot  joints  of  6-inch  ogee  box 
gutter  like  that  shown  in  figure  3-23.  A  downspout 
drop  outlet,  2  Vs"  x  2  W  x  3"  long,  is  to  be  made  for  a  2 
Vi"  X  3"  downspout.  A  4L"x  10"  sheet  of  galvanized 
iron  will  be  enough  metal  to  make  the  gutter  and  the 
downspout  in  this  example.  First,  develop  a  pattern  for 
the  ogee  gutter  like  the  one  shown  in  view  A  of  figure 
3-24.  Since  tne  length  of  the  sheet  is  10  feet  and  the 
pattern  is  10  feet,  the  15-inch  stretchout  should  be  cut 
lengthwise  from  the  sheet.  Notice  in  view  B  of  figure 


3-24  that  the  bends  are  numbered  and  that  they 
correspond  to  the  numbers  on  the  pattern.  The  bend 
lines  should  be  prick-punched  on  the  metal  so  that  they 
can  be  easily  seen  from  either  side  of  the  metal  during 
the  forming. 

Cornicce  brake.  Before  forming  the  pattern  on  the 
cornice  brake,  make  sure  that  the  machine  is  correctly 
set  for  bending  26-gage  metal.  Check  the  clamping 
pressure  to  see  if  it  is  tight  enough  for  26-gage  metal, 
and  to  insure  that  the  pressure  is  the  same  on  each  end 
of  the  brake.  This  pressure  should  be  great  enough  to 
hold  the  metal  firmly  when  bends  are  being  made. 
Next,  check  the  setback  and  bend  allowance  for  the  top 
leaf.  Each  end  of  the  brake  should  have  the  same 
distance  between  the  top  nose  bar  and  the  bend ing  leaf. 
Since  sharp  bends  are  to  be  made,  this  distance  should 
be  Wi  to  2  times  the  thickness  of  the  metal.  Make 
certain  that  the  top  leaf  is  adjusted  correctly  to  make  an 
even  bend  on  each  end  of  the  brake. 

With  the  pattern  made  and  the  cornice  brake 
adjusted,  you  are  ready  to  form  the  ogee  box  gutter. 
Make  the  bends  in  the  order  shown  in  figures  3-24  and 
3-25.  Place  the  meta  in  the  brake  and  make  the  No.l 
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bend  30.  Turn  the  pattern  around  and  make  mc  No.  2 
bend  1 60° ,  Remove  the  met  from  the  brake,  uiid  flatten 
it  to  1 80° ,  Make  the  N o.  3  bend  90° ,  at  the  1  -inch  mark 
on  the  same  side  of  the  sheet.  Make  the  No.  4  bend  by 
turning  the  metal  over,  and  bending  it  90°  .Now,  repeat 
each  of  these  steps  for  the  second  pattern,  because  bend 
5  will  require  that  the  ogee  former  be  installed  on  the 
brake. 

For  bend  5  of  figure  3-25,  install  the  former  by 
piutiiig  ii  uii  li?'  uuiiiJin§  ifcti!  HiiM  iii^MHihiig  iiit  damps. 
Use  a  mallet  to  set  the  clamps  tightly,  so  that  the  former 
is  held  firmly  to  the  bending  leaf.  To  make  bend  NO.  5, 
insert  the  metal  under  the  top  leaf  as  far  as  the  No,  4 
bend.  With  the  metal  clamped  in  place,  grasp  the 
metal.  Spread  your  hands  about  24  inches  apart,  and 
pull  the  metal  down  until  it  is  parallel  with  the  bed,  as 
shown  for  bend  No.  5.  Take  the  metal  out  of  the  brake, 
turn  it  over,  clamp  the  1-inch  flange  under  the  top  leaf, 
and  pull  the  metal  down  with  your  hands  to  make  bend 
No,  6.  Make  these  two  bends  (Nos,  5  and  6)  on  both 
pieces  of  metal,  so  that  the  former  can  be  removed. 
Remove  the  former  and  continue  with  benils  7,  8,  and 
9.  Make  the  No.  7  bend  90°  as  shown  in  figure  3-25. 
Turn  the  metal  around  and  make  the  No.  8  bend  90°. 
Make  the  No,  9  bend  90°,*  to  complete  the  forming  of 
the  first  pattern.  Make  bends  7,  8,  and  9  on  the  second 
pattern,  to  complete  the  forming  of  the  second  piece  of 
gutter. 

Exercises  (622): 

1 .  In  replacing  a  damaged  section  of  gutter,  what  do  you 
do  before  you  go  to  the  shop? 


2.  How  do  you  make  the  bend  lines  when  you  are 
forming  a  gutter  replacement? 


3.  What  is  used  to  form  the  curved  portion  of  an  ogee 
gutter? 


4.  In  making  two  lengths  of  gutter  shaped  as  indicated 
in  figure  3-25,  what  bends  do  you  make  after  the 
second  90  bend,  and  why? 


623.  State  materials  and  procedures  involved  in 
making  and  fitting  replacement  gutter  and 
downspout  components. 

End  caps.  The  remaining  gutter  components  can 
now  be  fabricated.  Start  with  the  left  and  right  end 
caps,  and  develop  a  pattern  like  the  one  shown  in  view 


A  of  figure  3-26.  Make  the  seam  allowances  and 
notching  instructions,  as  shown  in  the  illustration. 
Using  the  cornice  brake,  form  the  !/2-inch  flanges  on 
the  three  sides  that  are  not  notched.  Start  with  the  3 
%  inch  bottom  flange.  After  the  first  bend  is  made,  let 
the  flange  extend  past  the  top  leaf  as  the  metal  is 
clamped  (to  prevent  damaging  the  flange  Form  the 
notched  tabs  on  the  ends  of  a  conductor  stake  and  a 
square  stake.  Using  a  tinner's  riveting  hammer,  bend 
the  tabs  at  the  curved  part  of  the  pattern  edge  on  the 
conductor  stake;  bend  these  at  the  straight  parts  of  the 
edge  on  the  square  stake.  Remember  to  bend  one  cap 
for  the  left  end  and  one  cap  for  the  right  end. 

Drop  outlet.  The  next  component  is  a  downspout 
drop  outlet,  such  as  that  shown  in  view  D  of  figure 
3-26.  Make  the  pattern  (view  C)  with  a  yg-inch  flange 
allowance  across  the  top,  and  a  !/2-inch  allowance  for 
the  5/16-inch  grooved  seam.  Form  the  grooved  seam 
on  the  cornice  brake  or  Pittsburgh  lock  forming 
machine.  Notice  that  the  seam  will  be  on  the  back  side 
when  the  outlet  is  installed.  Next,  bend  the  yg-inch 
flanges  for  all  sides  except  the  back,  which  should 
remain  straight  to  fit  agains  the  back  of  the  gutter. 
Make  these  bends  on  the  square  stake  by  placing  the 
bend  line  on  the  edge  of  the  stake  and  striking  the 
flange  with  a  tinner's  riveting  hammer. 

Fit  the  left  end  cap  on  one  gutter  joint,  and  fit  the 
right  end  cap  on  the  other  joint.  Fasten  the  bottom 
flange  with  two  rivets,  and  the  back  flange  with  three 
rivets.  Install  a  ^i-inch  No.6  sheet  metal  screw  in  the 
flange  on  the  top  edge  of  the  bead,  and  solder  the  cap 
with  50/50  bar  solder.  Be  sure  to  cover  the  rivets  and 
screwhead,  and  sweat  the  solder  into  the  lap  seam. 
Next,  install  the  drop  outlet  on  the  gutter  piece  with  the 
left  end  cap.  Locate  the  center  of  the  drop  outlet  6 
inches  from  the  left  end,  and  cut  a  hole.  Make  a  starter 
hole  with  a  !^-inch  cold  chisel,  and  cut  the  rectangular 
shaped  hole  with  aviation  snips.  Insert  the  drop  outlet 
down  through  the  opening,  and  rivet  it  into  place. 
Solder  around  the  flanges  and  rivet  heads. 

Slip  joints.  The  next  component  to  fabricate  is  a  slip 
joint  (see  view  D  of  fig.  3-27).  The  outside  piece  shown 
in  view  A  has  the  same  shape  as  the  gutter  shown  in 
figure  3-24,  but  remeniber  to  measure  the  stretchout 
dimensions  on  the  outside  of  the  gutter.  This  outside 
piece  of  the  slip  joint  is  only  2  V2  inches  wide.  It  is 
formed  on  the  cornice  brake  like  the  long  joints,  except 
for  the  curved  bends.  Since  the  material  is  only  214 
inches  wide,  these  bends  can  be  made  on  the  conductor 
stake  by  hand  pressing.  Make  the  inside  piece  of  the 
slip  joint  (view  B  of  fig.  3-27)  by  using  the  inside 
measurement  of  the  gutter  to  make  a  stretchout  pattern 
2  !^  inches  wide.  Notice  that  this  piece  has  neither  the 
i4-inch  flange  nor  the  hem  that  piece  A  does.  This  piece 
can  also  be  formed  on  the  cornice  brake  and  conductor 
stake.  Make  the  l/a-inch-wide  spacer  (view  C)  from 
16-gage  metal,  to  allow  for  the  sealant  and  to  give 
sufficient  room  for  a  slip  joint.  Form  the  spacer  just 
like  piece  B.  After  you  make  the  three  pieces,  assemble 
them  by  riveting  or  by  spot  welding. 
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Figure  3-26.  Patterns  for  gutter  parts. 


Corner  miters.  Corner  miters  can  be  made  in  a  gutter 
at  any  point,  where  needed.  In  this  example,  we  will 
make  the  outside  and  inside  corner  miters  shown  in 
figure  3-28.  Notice  the  measurements:  6  feet  from  the 
end  cap  of  piece  1  to  the  throat  of  the  outside  corner 
miter,  3  feet  to  the  heel  of  the  inside  corner  miter,  and  3 
feet  to  the  end  cap  of  piece  3.  Begin  with  piece  1 .  Make 
mark,  on  the  back  side,  6  feet  from  the  end  cap;  then 
use  the  90°  side  of  a  combination  square  to  draw  a  line 
through  the  6-foot  mark  on  the  back  side.  Next,  place 
the  45°  angle  of  the  combination  square  against  the 
back  side,  and  draw  a  45°  line  across  the  bottom  of  the 
gutter.  Be  sure  that  this  angle  for  piece  1  is  the  same  as 
shown  in  figure  3*28.  After  marking  the  45°  miter  lines, 
make  a  '/2;inch  allowance  on  piece  1 — for  notches  on 
the  ogee  side,  and  for  flanges  on  the  bottom  and  back 


sides.  Piece  2  is  made  in  a  manner  similar  to  that  for 
piece  1 ,  except  that  one  end  has  a  '/2-inch  allowance  for 
the  tabs  and  flanges.  Be  sure  to  make  the  miter  angles 
as  shown  in  figure  3-28.  Piece  3  is  3  feet  in  length,  and 
runs  from  the  end  cap  to  the  heel  of  the  inside  corner 
miter.  Notice  that  the  45°  miter  is  plain.  It  does  not 
have  tabs  or  flanges. 

Cut  the  miters,  flangs,  and  tabs  with  straight  snips 
and  aviation  snips.  Aftercuttingand  notching  pieces  I, 
2,  and  3,  bend  the  back  side  flanges  90°  with  a  hand 
seamer.  The  flange  on  piece  1  should  fit  inside  piece  3. 
Do  not  bend  the  bottom  flanges.  Next,  use  common 
pliers  to  bend  the  tabs  90°  in  the  same  direction  as  the 
flanges.  Fit  the  pieces  together,  with  the  flanges  and 
tabs  on  the  inside  of  the  gutter;  then  rivet  the  flanges. 
Place  a  sheet  metal  screw  in  the  top  edge  of  the  bends  in 
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each  corner  (fig.  3-28).  The  last  step  is  to  solder  the 
seams  with  50/50  bar  soider.  Be  sure  to  sweat  the 
solder  into  the  seams,  and  to  cover  the  heads  of  the 
rivets  and  screws. 

Straight  downspouts.  Straight  downspouts  (without 
corrugations)  can  be  fabricated  from  patterns,  such  as 
the  one  shown  in  figure  3-29.  This  downspout  is  2/:"  X 
3",  so  the  stretchout  is  1 1  inches  plus  seam  allowances. 
The  downspout  is  jointed  with  a  5/16-inch  grooved 
seam  in  the  center  of  the  3-inch  side;  therefore,  the 
'/i-inch  allowance  is  made  (see  view  A).  After 
developing  two  patterns  like  view  A,  cut  the  patterns 
on  the  squaring  shears  or  gap  squaring  shears,  and 
notch  the  ends  of  the  seam  allowances.  Next,  run  the 
two  sheets  through  the  Pittsburg  lock  forming 
machine;  then  use  the  cornice  brake  to  make  the  90° 
bends  in  the  I,  2,  3,  4  order  shown  in  view  A. 

Next,  lock  the  seams  and  flatten  them  with  a  mallet. 
For  a  bucking  bar,  place  a  6-foot  piece  of  2"  x  2"  x  '/i" 
angle  iron  in  a  vise  with  the  flat  surface  up.  The  metal 
should  extend  out  of  the  vise  at  least  5  feet.  Slip  one  of 
the  downspout  pieces  over  the  angle  iron,  with  the 
seam  up.  After  flattening  5  feet  of  the  seam,  turn  ihe 
downspout  around  and  flatten  the  other  5  feet.  Do  this 
on  both  joints  of  downspout;  then  make  three  strap 
hangers  from  l6-gage  sheet  metal.  They  should  look 
like  the  hanger  shown  in  view  D  of  figure  3-29.  Cut 
three  I  I'/i"  x  IVi''  pieces  of  metal.  Mark  the  metal  as 
shown  in  view  C,  and  punch  the  '/g-inch  holes  with  a 
Whitney  hand  punch  or  rotary  punch.  Next,  bend  the 
straps  into  the  shape  shown  in  view  D. 

Offset  downspouts.  The  top  joint  of  the  downspout 
shown  in  view  B  of  figure  3-30  is  offset  8  inches  from 
the  inside  of  the  drop  outle  to  the  wall  of  the  building; 
therefore,  you  need  to  maxe  a  7 /2-inch  offset.  To  do 
this,  make  a  45°  elbow  in  two  places  on  the 
downspout,  as  shown  in  view  A.  One  45°  elbow  is  6 
inches  from  the  end  that  connect  to  the  drop  outlet;  the 
second  45°  elbow  is  I  P/g  inches  from  the  first  elbow. 
Start  the  first  45°  elbow  by  notching  out  a  22'/i°  angle 
on  each  side  of  the  6inch  line.  Make  sure  this  first  notch 
is  on  the  seam  side  of  the  downspout.  Make  ys-inch 
allowances  for  the  lap  seam  flanges  so  that  they  lap  in 
the  direction  of  water  flow.  On  the  opposite  side  of  the 
downspout,  make  the  center  of  the  second  notch  1 IH 
inches  from  the  center  of  the  first  notch.  Cut  out  each 
notch  by  starting  a  hole  with  a  !/2-inch  cold  chisel;  then 
cut  the  metal  with  aviation  snips.  Cut  the  seam  with  a 
hand  hacksaw,  to  prevent  damaging  the  blades  of  the 
snips.  Notch  both  ends  of  the  H-inch  lap  seam 
allowances,  and  turn  them  in  so  that  they  will  slip 
inside  when  the  downspout  is  bent  into  position.  The 
bending  is  easily  done  by  hand.  This  changes  the  two 
notches  to  45°  elbows.  The  two  elbows  make  the  offset 
in  the  downspout.  Install  sheet  metal  screws  through 
the  sides  with  the  lap  seam  flanges,  and  solder  the 
seams  and  screwheads  to  prevent  leaks. 

Make  the  shoe  shown  in  figure  3-30  by  notching  the 
metal  on  the  side  opposite  the  seam  to  make  two  45° 
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D.     SLIP  JOINT 
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Figure  3 '27.  pieces  to  fabricate  a  gutter  slip  joint. 


bends,  as  shown  in  view  C.  The  notches  have  flanges, 
and  are  cu^  ^nd  assembled  like  the  offset  shown  in  view 
B,  except  that  both  notches  are  on  the  same  side  of  the 
downspout. 
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PIECE  1 
OUTSIDE  MITER 


INSIDE  MITER 


530-3767 


Figure  3-28.  Making  inside  and  outside  gutter  miters. 


Exercises  (623): 

1.  What  fabrication  step  is  performed  on  a  drop 
outlet  after  the  grooved  seam  is  complete? 


4.  When  you  are  making  replacement  end  caps  for  a 
gutter,  remember  that  there  must  be 
both—  


2.  How  many  pieces  are  required  to  form  and        ^-  ^^en  a  drop  outlet  is  properly  installed,  where  is 
assemble  a  slip  joint  for  a  bar  gutter?  seam? 


3.  When  making  a  90°  miter  joint  in  an  ogee  gutter, 

the  flanges  are  formed  to  fit  the       ^'         do"'^  yt>u  turn  all  four  flanges  90°  on  the  top 


other  piece. 


of  a  drop  outlet? 
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higiitc  3  29.  Making  downspouts  and  hanyers. 


7.  How  are  the  ports  ol  a  slip  joint  held  together? 


9.  When  you  are  assemblinga corner mitei,wheredo 
you  put  the  seam  allowance? 


8.  You  are  making  a  90°  corner  miter  in  an  ogee 
gutter.  How  much  seam  allowance  do  you  leave, 
and  where? 


10.  What  is  used  as  a  bucking  bar  for  seaming  a 
10-foot  section  of  leader? 
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H^airc  3  30.  Making  downspout  offset  and  shoe. 
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11.  In  gutters  and  downspouts,  \\\vM  is  a  s1hh\  where 
docs  it  tit,  and  how  is  it  made? 


624.  Explain  the  installation  of  replacement  gutters 
and  downspouts. 

Installation  of  Replacement  Gutters  and 
Downspouts.  In  this  example,  wc  are  instaUing  the 
replacement  downspout  and  gutter  which  were 
fabricated,  as  described  in  previous  paragraphs.  Since 
the  hangers  for  the  gutter  are  still  on  the  building,  all 
we  have  to  do  to  install  the  gutter  is  to  place  the  gutter 
in  the  hangers  and  insert  the  snap  locks.  After  the 
gutter  is  installed,  pour  some  water  into  the  high  end  to 
see  if  the  water  flows  to  the  outlet  on  the  low  end.  The 
drop  should  be  enough  to  allow  the  water  to  flow  out  of 
the  gutter.  If  it  does  not,  reposition  the  hangers. 

With  the  gutter  in  place,  the  next  Job  is  to  install  the 
replacement  downspout.  First,  install  the  upper 
section  (with  the  offset)  over  the  drop  outlet,  and  put 


sheet  metal  screws  in  the  three  outside  surfaces  of  the 
downspout.  Install  the  strap  hanger  just  below  the 
second  offset.  Next,  measure  from  Ihc  bottom  of  the 
downspout  to  3  inches  above  the  guuuid  level.  This 
measurement,  plus  1 inches  for  a  joint  connection,  is 
the  length  of  the  lower  section  of  the  downspout .  Cut  a 
small  notch  in  each  corner  of  the  upper  downspout,  to 
make  a  slip  joint. 

After  slipping  the  lower  piece  of  downspout  over  the 
upper  downspout,  put  sheet  metal  screws  in  three  sides 
of  the  slip  joint.  Put  one  hanger  just  above  the  shoe, 
and  put  another  halfway  between  the  top  and  bottom 
hangers.  This  completes  the  fabrication  and 
installation  of  gutter  i>nd  downspout. 


Exercises  (624): 

1 .  How  and  when  do  you  test  a  newly  installed  gutter? 


2.  When  you  are  replacing  a  downspout,  how  many 
hangers  do  you  use? 
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CHAPTER  4 


Door  and  Gates 


IN  THIS  CHAPTER  we  will  discuss  a  few  of  the 
inspection,  maintenance,  and  repair  requirements  on  doors 
and  gates.  Because  of  the  great  variety  of  door  s  and  gates  in 
use  /\ir  Force  wide,  we  will  discuss  only  general 
maintenance  and  repair  actions  applicable  to  the  majority  of 
door  styles.  Because  most  of  the  maintenance  on  doors  is 
well  above  ground  level,  we  will  first  discuss  the  ladders 
and  scaffolding  that  you  will  use  on  the  job.  Many 
components  of  large  doors  are  very  heavy,  so  it  also  is 
important  that  you  understand  the  proper  techniques  for 
lifting  heavy  objects. 

4-1 .  Ladders 

It  is  important  for  you  to  know  the  right  type  of  ladder  for 
any  job.  The  most  common  types  of  ladders  that  you  will  be 
using  are  the  single  ladder,  extension  ladder,  and 
stepladder. 

625.  Match  types  of  ladders  with  their  descriptions  and 
uses. 

Single  Ladder.  A  single  ladder  has  two  side  rails  from  8 
to  26  feet  long,  with  rungs  (steps)  placed  each  12  inches.  A 
quality  ladder  will  support  up  to  500  pounds.  The  size  of  a 
ladder  refers  to  its  overall  length.  Single  ladders  that  are 
not  self-supporting  should  be  equipped  with  nonskid  bases 
(spikes  or  safety  shoes).  These  nonslip  bases  must  be 
securely  bolted,  riveted,  or  attached  by  equivalent 
construction  to  the  side  rails.  You  must  place  safety  hooks 
at  the  tops  of  any  ladders  not  equipped  with  nonskid  feet. 
In  addition,  ladders  must  be  lashed  to  nearby  supports  when 
necessary  to  insure  stability.  Nonslip  tape  or  adhesive 
material  should  be  affixed  to  metal  ladder  steps  to  insure 
sound  footing. 

Extension  Ladder.  The  extension  ladder  consists  of  two 
or  more  sections.  Each  adjustable  extension  ladder  must  be 
equipped  with  nonslip  bases  and  spring-loaded  rung  locks 
with  metal  shackles.  Pulleys  and  ropes  must  be  provided  for 
adjusting  ladder  length.  The  sections  must  overlap  at  least  3 
feet  for  a  36-foot  extension,  4  feet  for  a  45-foot  extension, 
and  5  feet  for  any  extension  over  45  feet.  You  must  not  use 
any  ladder  extended  beyond  60  feet. 

Stepladders.  All  stepladders  are  self-supporting.  Use 
such  ladders  only  on  flat  surfaces  to  insure  f^oHd  footing. 
When  the  ladder  is  open,  the  steps  m  .  be  horizontal,  and 
all  stepladders  must  have  a  locking  device  to  keep  them 
open. 


Exercises  (62S): 

1     Match  the  type  of  ladder  in  column  B  with  the  phrases 
in  coliinm  A. 

Column  A  Column  B 

  (I)  Use  to  climb  a  scaffold  30  feel  a.   Single  ladder. 

b!  Stepladder. 

  (2)  U.sc  where  there  is  no  wall  for  c.  Extension  ladder. 

support. 

  (3)  Use  to  get  onto  a  roof  of  a  build- 
ing 14  feet  high. 

  (4)  From  8  to  26  feet  long. 

  (5)  Equipped  with  nonslip  bases  and 

spring-loaded  rung  locks  with 
nieial  shackles. 


626.  Distinguish  between  proper  and  improper  ladder 
raising  techniques. 

Straight  Ladder.  Erect  a  straight  ladder  by  placing  the 
base  of  the  ladder  (wide  end)  against  the  foundation  of  the 
structure.  Raise  the  top  and  walk  under  the  ladder  toward 
the  bottom  end,  grasping  and  raising  the  ladder  rung  by 
rung  as  you  proceed.  When  the  ladder  is  perpendicular,  pull 
the  bottom  out  from  the  building  to  a  distance  of  one- 
quarter  of  its  length ,  as  shown  in  figure  4- 1 .  If  you  must  get 
on  top  of  the  building  or  on  a  scaffold,  the  ladder  must 
wXtend  at  least  36  inc!  .rs  beyond  that  surface,  as  shown  in 
figure  4-2. 

Extension  Ladder.  Erect  extension  ladders  in  the 
collapsed  position  in  the  same  manner  as  the  straight 
ladder.  After  the  ladder  is  against  the  structure,  use  the 
ropes  to  extend  the  section.s  until  the  ladder  is  long  enough. 

Exercises  (626): 

1.   Indicate  each  statement  reflecting  a  good  ladder 
raising  technique. 

  a.  The  base  of  a  16-foot  ladder  extends  3  feet  from 

the  foundation  of  a  building. 

  b.  The  top  of  a  10-foot  ladder  extends  36  inches 

above  the  roof. 

  c.  Extend  an  extension  ladder  on  the  ground  before 

raising  it. 

  d.  Spread  a  stepladder  until  the  legs  lock  in  position. 

  e.  Place  the  bottom  of  a  straight  ladder  against  a 

foundation  to  raise  it. 
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Figure  4-1 .  Placing  a  short  ladder. 


MINIMUM  OF  36" 


627,  Identify  safely  precautions  to  observe  when  you  use 
a  ladder. 

Ladder  Safety,  Observe  these  safety  precautions  when 
you  use  a  ladder: 

a.  Always  inspect  a  ladder  before  using  it. 

b.  Before  climbing  a  ladder,  be  sure  that  both  rails  rest 
on  solid  footing. 

c.  Equip  the  ladder  side  rails  with  safety  shoes.  This  is 
especially  necessary  when  you  use  the  ladder  on  surfaces 
that  woula  permit  it  to  slip. 

d.  Never  use  stepladders  as  substitutes  for  workstands. 

e.  As  you  ascend  or  descend,  face  the  ladder  and  hold  on 
to  each  side  rai'  . 

/.  When  the  security  of  a  ladder  is  endangered  by  other 
activities,  rope  off  the  area  around  it,  fasten  it  securely,  and 
assign  a  helper  to  steady  the  bottom. 

g.  When  you  use  a  ladder  in  front  of  a  door,  lock  the 
door  or  block  it  off  and  route  people  to  another  exit. 

h.  Never  leave  a  ladder  unattended  for  any  length  of  time 
while  it  is  erected — take  it  down  and  lay  it  on  the  ground. 

/.  When  you  work  from  a  ladder,  stand  no  higher  than 
the  third  rung  from  the  top  and  do  not  try  to  reach  beyond  a 
normal  arm's  length. 

7*.  If  you  need  help  to  do  the  work,  have  your  helper  get 
another  ladder — don't  allow  anyone  on  the  ladder  with  you. 

k.  Never  climb  a  ladder  while  using  both  hands  to  hold 
material;  you  must  use  at  least  one  hand  to  climb  or  descend 
a  ladder. 

/.  Never  place  either  the  top  or  the  bottom  of  a  ladder 
against  unstable  material. 

m.  Before  climbing  a  stepladder,  be  sure  it  is  fully  open 
and  locked,  and  that  all  four  legs  are  on  a  solid  footing. 

n.  Do  not  leave  tools  on  the  top  of  a  stepladder  unless  it 
is  equipped  with  a  special  holder. 

o.  Never  use  metal  ladders  where  they  might  come  in 
contact  with  electric  current. 

p.  Get  help  when  erecting  long,  heavy  ladders. 

Exercises  (627): 

1 .  Match  the  following  situations  in  column  B  with  the 
safety  requirements  in  column  A. 


Colun*n  A 

(1)  Safety  shoes. 

(2)  Do  not  stand  on  the  top 
steps. 

(3)  Rope  off  the  area, 

(4)  Do  not  use  near  electrical 
apparatus. 

(5)  Stand  no  higher  than  third 
rung  from  top. 

(6)  Face  the  ladder  and  use 
both  side  raits. 

(7)  Be  sure  locking  device  is 
locked. 


Column  B 

a.  Climbing  a  ladder. 

b.  Working  from  an  extension 
ladder. 

c .  Before  climbing  a 
stepladder. 

d.  Using  a  stepladder. 

e.  Be  sure  ladder  rails  are 
equipped  with  these  before 
climbing. 

f.  Using  metal  ladder. 

g.  Ladder  placed  in  area  of 
other  activities. 


1/4  LENGTH  OF  A 

CSH  ->0  ISA 


Figure  4-2.  Placing  a  long  ladder. 


628.  State  the  proper  care  and  handling  of  ladders. 

Care  of  Ladders.  Inspect  ladders  for  defects  and  discard 
a  ladder  if  any  defect  has  developed.  Carry  a  ladder  over 
your  shoulder  with  the  front  end  elevated.  Do  not  drop  it  or 
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allow  it  to  fall,  because  the  impact  will  weaken  it.  Store  the 
ladder  horizontally  on  three  hangers  to  prevent  sagging.  Do 
not  store  a  ladder  near  heat  or  exposed  to  the  weather. 

Exercises  (628): 
1 .  Indicate  each  true  statement. 

  a.  Carry  a  ladder  with  the  front  elevated. 

  b.  Use  two  hangers  to  support  a  stored  ladder. 

  c.  You  can  store  a  ladder  on  an  exterior  wall. 

  d.  Never  drag  a  ladder. 

  e.  Inspect  a  ladder  for  defects  before  using  it. 

  f.  You  can  store  a  ladder  leaning  against  a  wall. 

4-2.  Scaffolds 

You  must  do  part  of  your  work  from  a  scaffold.  Serious 
accidents  have  been  caused  by  workers  using  scaffolds  that 
were  erected  or  used  improperly.  A  scaffold  erected 
improperly  not  only  endangers  the  workers  using  it  but  right 
become  a  serious  danger  to  people  who  work  near  it. 

There  are  many  types  of  scaffolds — some  made  of  wood 
and  some  of  metal.  The  scaffolds  you  will  use  include 
scaffold  horses,  sectional  steel  scaffolds,  and  aluminum 
stairway  scaffolds. 

629.  Identify  scafToIds  with  their  advantages  and 
limitations. 

Types  of  ScafToIds.  A  pair  of  scaffold  horses  with 
scaffold  boards  placed  across  them  make  a  useful  scaffold 
(fig,  4-3),  It  is  erected  quickly  and  can  be  moved  easily  as 
the  work  progresses,  but  its  height  is  limited  to  the  height  of 
the  horses.  Always  use  two  boards,  at  least  V/2  inches  thick 
and  9V2  inches  wide  (2  x  lOs),  You  can  use  an  extension 
plank,  as  shown  in  figure  4-4,  in  place  of  the  scaffold 
boards. 


NOT  MORE  THAN 
6"  OVERLAP 


SCAFFOLD  HORSE 

CBH-041 


Figure  4'-3.  Scaffold  horse. 


Figure  4-4.  Extension  plank. 

The  sectional  steel  scaffold  is  strong  and  assembled 
easily.  It  will  hold  heavy  loads.  The  most  popular  scaffold 
is  the  aluminum  stairway  scaffold.  The  sections  of  this  type 
of  scaffold  unfold.  You  can  erect  this  scaffold  quickly  and 
easily,  but  it  is  limited  to  lighter  loads  than  those  possible 
with  the  sectional  steel  scaffold. 

Exercises  (629): 

1.  Match  the  descriptive  phrases  in  column  A  with  the 
types  of  scaffolds  listed  in  column  B.  The  items  in 
column  B  may  be  used  once,  more  than  once,  or  not  at 
all. 

Column  A  Column  B 

  (1)  Is  limited  in  height.  a.  Aluminum    stairway  scaf- 

  (2)  Fast  to  assemble.  fold. 

  (3)  Used  to  hold  heavy  loads.      b.  Scaffold  horse. 

c .  Sectional  steel  scaffold . 


630.  Given  hypothetical  situations  that  might  occur  in 
erecting  scaffolds,  decide  which  ones  are  appropriate. 

Erecting  Scaffolds.  A  scaffold  using  scaffold  horses  is 
the  easiest  scaffold  to  erect.  Place  the  horses  on  even 
footing  and  lay  two  scaffold  boards  (2  x  lOs  or  larger)  or  an 
extension  plank  on  top  of  them.  The  scaffold  is  ready  to 
use. 

Sectional  steel  scaffold.  First  set  the  footing  plates  on 
firm,  even  ground  or  on  a  board  to  support  the  weight  of  the 
scaffold.  Then  insert  a  leveling  jack  into  each  footing  plate 
and  install  two  panels  into  the  leveling  jacks  (fig.  4-5). 
Have  helpers  steady  the  panels  while  you  attach  X-type 
pivoted  braces,  as  shown  in  figure  4-6.  Now  you  have  one 
basic  unit.  Add  more  units  until  the  scaffold  is  as  long  and 
as  tall  as  you  need.  Figure  4-7  shows  an  erected  scaffold. 
The  upright  legs  of  the  scaffold  are  held  securely  by 
couplings.  Spring-loaded  pins  in  the  coupling  automatically 
lock  the  sections  together. 

Sectional  steel  scaffolding  can  be  constructed  as  high  as 
required,  but  scaffolding  over  three  sections  high  must  be 
secured  to  the  structure.  One  way  to  do  this  is  shown  in 
figure  4-8.  The  top  section  always  must  have  a  guardrail 
and  a  toeboard.  The  guardrail  prevents  workers  from 
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Figure  4-8.  Building  tie-in. 


falling,  and  the  toeboard  keeps  tools  and  materials  from 
falling  on  the  workers  below. 

If  the  scaffold  is  to  be  used  on  a  solid  floor  and  moved 
frequently,  you  can  replace  the  footing  plates  with  locking 
casters.  The  height  of  this  rolling  tower  must  not  exceed 
four  times  the  smallest  base  dimensions,  and  it  must  be 
equipped  with  a  toeboard  and  a  guardrail  above  the  working 
platform. 

Aluminum  Stairway  Scaffold.  Aluminum  stairway 
scaffolds  consist  of  three  basic  sections  that  unfold  and  lock 
together.  The  base  sections  is  shown  in  figure  4-9.  In 
storage  it  folds  in  on  itself  in  a  Z  pattern.  This  section 
contains  the  wheels  which  are  adjustable  up  and  down  to 
allow  for  leveling  on  uneven  work  surfaces  (fig.  4-10). 
When  the  sections  are  unfolded,  be  sure  that  the  braces  are 
in  locked  (fig.  4-11).  The  other  sections  unfold  in  the  same 
manner  and  fit  together  as  shown  in  figure  4-12.  Interlock 
clips  lock  the  sections  together  to  prevent  separation  during 
use  (fig.  4-13). 

Exercises  (630): 

1 .  Indicate  each  satisfactory  scaffolding  procedure. 

  a.  You  place  all  four  legs  of  a  scaffold  horse  on  even 

ground. 

  b.  You  substitute  a  2  X  6  for  extension  plank. 

  c.  You  adjust  the  height  of  a  sectional  steel  scaffold 

with  the  pivot  braces. 
  d.  Couplings  secure  upright  legs  of  the  sectional  steel 

scaffold. 

  e.  A  sectional  steel  scaffold  four  sections  high 

secured  to  the  building. 

  f .  A  rolling  tower  with  four  swivel  casters. 

  g.  The  first  section  of  an  aluminum  stairway  scaffold 

being  erected  with  the  stair  treads  facing  up. 


Figure  4-9.  Unfolding  aluminum  scaffold  sections. 

h.  Spring-actuated  latches  of  an  aluminum  stairway 
scaffold  unlocked. 

i.  Lock  caster  brakes  before  attempting  to  climb 
aluminum  stairway  scaffold. 

j.   Sections    of   an    aluminum    stairway  scaffold 
fastened  together  with  an  interlock  clip. 


631.  Rate  hypothetical  scaffold  erection  procedures  as 
safe  or  unsafe. 

Scaffold  Safety.  Although  scaffold  horses  are  not  very 
high  from  the  ground,  there  always  is  some  possibility  of 
danger.  Here  are  several  precautions  that  you  can  take  to 
prevent  serious  injury  to  yourself  or  others.  Always  inspect 
the  scaffold  horses  for  split  members,  loose  knots,  and  bad 
nailings.  Set  the  scaffold  horses  on  fimi,  even  footing  for 
each  leg.  Test  scaffold  boards  by  jumping  on  them.  Never 
use  a  scaffold  board  that  is  under  I'/a  x  9  1/2  inches  (2  x  10). 
Place  the  boards  close  together  on  the  horses,  and  do  not 
overload  the  scaffolds. 

Sectional  steel  scaffold.  The  sectional  steel  scaffold  is  the 
safest  type,  because  it  will  hold  such  heavy  loads.  Still, 
there  are  safety  precautions  to  observe  when  you  work  from 
the  sectional  steel  scaffold.  Inspect  all  scaffolds  before 
using — never  use  any  equipment  that  is  damaged  or 
deteriorated  in  any  way.  Keep  all  equipment  in  good  repair. 
Avoid  using  rusted  equipment.  You  can  never  be  sure  how 
strong  it  is.  Inspect  erected  scaffolds  regularly  to  be  sure 
they  are  maintained  in  safe  condition. 

Support  scaffold  posts  adequately,  and  use  base  plates. 
Use  leveling  jacks  instead  of  blocking  to  adjust  to  uneven 
grade  conditions.  Plumb  and  level  all  scaffolds  as  the 
erection  proceeds.  Do  not  force  braces  to  fit — level  the 
scaffold  until  a  proper  fit  can  be  made  easily.  Fasten  all 
braces  securely,  and  never  climb  across  them. 
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Figure  4-10.  leveling  aluminum  scaffolds. 
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Figure  4-12.  Aluniirum)  siairw.jy  scaM'uld. 
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Figure  4-13.  Interlock  clip. 


On  wall  scaffolds,  place  and  maintain  tie-ins  securely 
between  the  structure  and  the  scaffold  at  least  every  30  feet 
of  length  and  each  three  sections  in  height.  Equip  all 
planked  or  staged  areas  with  proper  guardrails  and 
toeboards. 

Do  not  erect  metal  scaffolds  near  powerlines,  and  don't 
use  ladders  or  makeshift  devices  on  top  of  scaffolds  to 
increase  the  height.  Don't  overload  the  scaffolds,  and  be 
sure  you  use  only  lumber  that  is  inspected  and  graded 
properly  as  scaffold  plank.  Planking  must  have  at  least  12 
inches  of  overlap  and  extend  6  inches  beyond  the  center  of 
the  support  (or  be  cleated  at  both  ends  to  prevent  their 
sliding  off  supports).  Do  not  allow  unsupported  ends  of 
plank  to  extend  an  unsafe  distance  beyond  their  supports. 
Secure  the  planks  to  the  scaffold  when  necessary. 

Never  ride  rolling  scaffolds,  and  remove  all  material  and 
equipment  from  the  platform  before  moving  the  scaffold. 
Apply  the  caster  brakes  whenever  the  scaffold  is  not  being 
moved.  Casters  with  plain  stems  must  be  attached  to  the 
panel  or  adjustment  screw  by  pins  or  other  suitable  means. 
Do  not  try  to  move  a  rolling  vscaffold  without  sufficient 
help.  Watch  out  for  holes  in  the  floor  and  for  overhead 
obstructions.  Do  not  extend  adjusting  screws  on  rolling 
scaffolds  more  than  12  inches.  Always  consider  the 
likelihood  of  overturning  before  you  decide  to  use  brackets 
on  rolling  scaffolds.  The  working  platform  height  of  a 
rolling  scaffold  must  not  exceed  four  times  the  smallest 
base  dimension  unless  the  scaffold  is  guyed  or  otherwise 
stabilized. 
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Aluminum  stairway  scaffold.  Apply  all  caster  br^ikes 
before  climbing  the  scaffold.  As  it  is  with  any  other 
scaffold »  never  move  the  scaffold  when  anyone  (or  any 
material)  is  on  it.  Be  sure  the  scaffold  is  level  at  all  times. 
When  you  adjust  a  leg»  be  sure  to  push  the  locking  collar 
completely  over  the  expanding  nut  and  below  the  safety 
locks.  Never  adjust  the  legs  when  anyone  is  on  the  scaffold. 
Don't  try  to  **slretch'*  the  platform  height  with  the 
adjustable  legs.  When  additional  height  is  requaed,  add 
more  scaffold  sections.  Save  the  leg  adjustment  for  leveling 
the  scaffold.  Do  not  lean  a  ladder  against  a  stairway 
scaffold  or  place  a  ladder  on  the  platform  of  a  scaffold. 
Never  push  or  lean  against  the  wall  or  ceiling  when  you  are 
on  a  scaffold,  unless  the  scaffold  is  tied  securely  to  the 
building. 

Make  sure  all  locking  hooks  arc  firmly  in  position.  These 
hooks  are  at  each  end  of  the  separate  horizontal  and 
diagonal  braces  anu  at  the  lower  end  of  stairways.  Before 
using  a  scaffold  with  folding  braces,  be  sure  that  the  latches 
of  all  locking  hinges  are  locked.  Always  install  a  safety 
railing  and  toeboard  when  a  platform  is  to  be  used  at  heights 
of  4  feet  or  over.  If  the  platform  height  is  going  to  exceed 
three  times  the  minimum  base  dimension,  tie  the  scaffold  to 
the  building.  Do  not  climb  or  stand  on  diag  1  braces. 
Work  only  while  standing  on  one  of  the  plat*  .  Never 
use  a  scaffold  of  any  type  near  live  electric  .)paratus  or 
near  machinery  that  is  in  operation. 

The  columns  of  each  scaffold  section  have  interlock  clips 
positioned  in  the  lower  area  of  a  pair  of  holes  at  the  upper 
ends.  As  an  upper  section  is  inserted,  the  interlock  clips  of 
the  section  below  are  moved  to  the  upper  section  bushings, 
interlocking  the  two  sections.  Never  erect  a  scaffold 
without  interlocking  the  sections  in  this  manner.  If  the 
interlock  clips  are  damaged  or  lost,  replace  them 
immediately.  Never  work  from  stairways;  tbfty  are  for 
personnel  to  walk  up  and  down  between  platforms. 
Stairways  are  designed  to  take  the  weight  of  a  200-pound 
person.  They  are  not  designed  to  take  excessive  loads  or 
abuse.  Never  climb  up  the  outside  of  a  stairway  scaffold. 
Always  use  the  stairway  for  access.  The  platform  of  the 
stairway  scaffold  always  must  be  located  on  the  floor  braces 
by  four  locating  pins.  Outdoors,  or  wherever  the  scaffold  is 
exposed  to  wind  or  updrafts,  the  platform  must  be  tied 
down  and  the  scaffold  secured  to  the  building.  The 
platform  of  the  stairway  scaffold  is  designed  to  carry  a 
maximum  distributed  load  of  750  pounds.  Do  not  exceed 
this  750-pound  load.  When  you  bridge  between  scaffolds 
with  planks  or  ladder  stages,  place  the  ends  of  such  planks 
or  stages  on  the  scaffold  platform  across  both  floor  braces. 

When  erecting  or  taking  down  an  upper  section  of  the 
scaffold,  stand  in  the  center  of  the  platform  below  and  keep 
a  firm  hold  on  the  section. 

Exercises  (631): 

1 .   Indicate  each  safe  situation. 

  a.  Raising  the  height  of  a  platform  with  the  leveling 

jacks. 

  b.  Cross  braces  with  the  locking  devices  locked. 

  c.  Climbing   scaffold   cross   braces   to   reach  the 

platform. 


  d,  A  2  X  8  scatYold  board. 

  c.  Ladder  placed  on  a  scaffold. 

  f.  Aluminum  staiiAvay  scaffold  tied  to  the  wall  of  a 

building. 

  g.  Columns  of  aluminum  stairway  scaffold  locked 

with  an  interlock  clip. 
  h.  Working  from  the  stairway  of  an  aluminum 

stairway  scaffold. 
  i.  Platform  of  aluminum  stairway  scaffold  located  on 

the  floor  braces  by  locating  pins. 

632.  Differentiate  between  safe  and  i^nsafe  lifting 
situations  ind  sequence  lifting  steps  in  the  correct  order. 

Lifting  Heavy  or  Cumbersome  Loads.  The  Ground 
Accident  Prevention  Handbook,  AFR  127-101,  states  that 
physical  differences  make  it  impracticable  to  set  up  lifting 
limits  for  workers,  in  your  career  field,  there  may  be  times 
when  heavy  materials  must  be  moved.  For  example,  a 
200-pound  drilling  machine  may  have  to  be  lifted  and 
placed  onto  a  pickup  truck.  Don't  be  like  the  airman  who 
carried  two  94'-pound  sacks  of  cement  from  a  truck  to  the 
mixer.  He  was  showing  off.  This  time,  however,  he  ended 
up  with  a  hernia,  a  reprimand,  lost  time,  and  an  unfavorable 
mark  against  the  unit. 

Use  commonsense  when  it  comes  to  moving  objects.  If  it 
is  too  heavy  or  cumbersome  to  lift,  get  a  friend  to  help  you. 
If  you  decide  you  can  lift  a  heavy  load,  use  the  proper 
lifting  method  to  do  it. 

When  you  must  lift  a  heavy  or  bulky  object  from  the 
floor,  USE  YOUR  LEGS— NOT  YOUR  BACK.  If  you  are 
not  mindful  of  this  advice,  you  can  hurt  your  back.  An 
injured  back  often  is  difficult  to  heal  and  can  keep  you  from 
taking  part  in  many  work  and  athletic  activities.  If  you  take 
the  following  precautions  in  lifting,  you  can  greatly  reduce 
the  likeiyhood  of  injury. 

(1)  Consider  the  size,  weight,  and  shape  of  the  object  to 
be  carried.  Do  not  lift  more  than  yov  can  handle 
comfortably.  If  necessary,  get  help. 

(2)  Set  your  feet  solidly,  with  one  foot  sightly  ahead  of 
the  other  for  increased  stability.  Place  them  far  enough 
apart  to  give  good  balance. 

(3)  Get  as  close  to  the  load  as  possibL.  Crouch  by 
bending  your  legs  about  90°  at  the  knees.  Do  not  squat  by 
sitting  on  your  legs.  It  takes  about  twice  as  much  effort  to 
get  up  from  a  squat  as  from  a  crouch. 

(4)  Keep  your  back  as  straight  as  possible.  It  need  not  be 
vertical,  but  it  should  not  be  arched.  Bend  at  the  hips,  not 
the  middle  of  the  back. 

(5)  Grip  the  object  firmly.  Maintain  the  grip  while  lifting 
and  carrying. 

(6)  Straighten  your  legs  to  lift  the  object  and  at  the  same 
time,  bring  your  back  to  a  vertical  position. 

(7)  Never  carry  a  load  thai  you  cannot  see  over  or  around 
Make  sure  the  path  of  travei  is  clear.  Setting  an  object  dov  n 
requires  just  the  reverse  procedures. 

Exercises  (632): 

1.  Arrange  the  following  steps  for  lifting  a  heavy  load  in 
the  proper  sequence. 
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 a.  Keep  your  back  straight. 

  b.  Crouch, 

  c.  Check  weight  and  size. 

  d.  Plant  your  feet  well  apart. 

 e.  Lift  slowly  by  pushing  with  your  legs. 

4-3.  Personnel  Doors 

it  is  safe  to  say  there  are  more  personnel  doors  on  base 
than  any  other  type.  Because  these  doors  are  opened  and 
closed  many  times  a  day,  they  break  down  frequently.  The 
majority  of  the  problems  you  will  encounter  will  involve 
the  hinges  and  '*fit"  of  the  door.  Occasionally  a  door  will 
be  damaged  beyond  repair,  and  it  will  be  necessary  for  you 
to  order  a  replacement  door  and  temporarily  secure  the 
damaged  door. 

633,  DifTerentiate  between  various  door  swings. 

Door  Identification.  When  replacing  or  ordering 
components  for  swinging  doors,  you  must  be  able  to 
accurately  determine  the  swing  (or  hand)  of  a  door 
according  to  a  specific,  widely  accepted  method  or 
standard.  Various  manufacturers  determine  door  swing  in 
different  ways.  The  method  you  should  use,  however,  is 
widely  accepted  and  used  by  engineers  both  in  and  out  of 
the  military.  The  four  types  of  door  swing  you  should  be 
familiar  with  are  shown  in  figure  4-14. 

You  always  face  the  outside  of  the  door  to  determine  its 
swing  (or  hand).  The  outside  is  the  street  side  of  an  entrance 
door  or  the  corridor  side  of  a  room  dov^r. 

Left  hand,  A  left-hand  door  has,  the  hinges  on  the  left  and  ) 
opens  inward  (away  from  you). 

Right  hand,  A  right-hand  door  has  the  hinges  on  the  right 
and  opens  inward  (away  from  you). 

Left-hand  reverse.  The  left-hand-reverse  door  has  the 
hinges  on  the  left  and  opens  outward  (towards  you). 

Right-hand-reverse.  The  right-hand-reverse  door  has  the 
hinges  on  the  right  and  opens  outward  (towards  you)  as  you 
face  it  from  the  outside. 

Exercises  (633): 

1 .  What  is  the  swing  of  a  door  that  has  the  hinges  on  the 
left  and  swings  inward  (away  from  you)  as  you  face  it 
from  the  outside? 


2.   How  can  you  identify  a  right-and-reverse  door? 


3.   Where  must  you  stand  to  determine  the  swing  of  a 
door? 


634.  Explain  common  problems  and  repair  methods  for 
personnel  doors. 
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Figure  4-14 


Maintenance  and  Repair  of  Personnel  Doors. 
Personnel  doors  require  very  little  maintenance  when 
installed  properly.  TTie  main  problems  you  will  encounter 
will  involve  the  door  hinges,  which,  in  turn,  affect  the  fit  of 
the  door  into  it's  casing.  Typically,  hinges  are  secured  with 
machine  screws  to  hinge  reinforcement  plates  as  shown  in 
figure  4-15  on  both  the  door  and  casing.  Over  a  period  of 
time  these  screws  may  work  loose,  or  the  spot  welds 
securing  the  plate  to  the  door  or  casing  break.  A  broken 
door  closer  may  allow  the  door  to  be  opened  violently  by 
the  wind,  which  can  break  these  plates  or  screws.  A  door 
that  is  not  hung  properly  can  cause  the  hinge  to  bind  and 
cause  enough  pressure  to  damage  the  plates  or  screws.  ^ 
hinge-bound  door  is  difficult  to  close,  and  springs  open. 
Occasionally  the  hinge  reinforcement  plate  is  not  mounted 
flush  with  the  inside  of  the  jams  or  becomes  twisted,  which 
causes  excess  pressure  on  hinge  components. 

Before  you  may  any  repairs  to  the  door,  you  should  first 
determine  what  caused  the  damage.  It  will  not  help  to 
replace  a  hinge  only  to  ruin  it  because  the  hinge  plate  is 
twisted.  Usually  by  visually  checking  door  alignment  and 
operation,  you  will  be  able  to  determine  the  problem. 
Check  the  gap  between  the  door  and  its  casing  to  see  if  this 
may  indicate  a  problem.  If  the  door  fits  tighter  at  one  end 
than  it  does  at  the  other,  periiaps  a  hinge  is  bent  or  sprung. 
If  the  door  tends  to  spring  open,  check  the  hinges  for 
binding  or  the  mounting  plates  to  see  if  they  are  misaligned 
or  damaged. 

If  a  hinge  plate  is  twisted  in  'ts  mount,  you  may  be  able  to 
straighten  it  with  the  use  of  a  simple  shop-made  tool  as 
1  shown  in  flgure  4-16.  By  fastening  the  old  hinge  part  of  the 
f  tool  to  the  reinforcement  plate  with  the  correct  size  screw, 
you  can  pry  it  in  the  direction  needed  to  straighten  it. 
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Figu-t:  4-15.  Hinge  reinforcement  plate. 


If  the  spot  welds  holding  the  plate  in  position  are  broken, 
you  must  reweld  it.  Because  the  hinge  mounts  into  the 
recessed  area,  the  best  way  to  repair  it  is  to  drill  holes  in  the 
casing  as  shown  in  figure  4-15  and  reweld  through  these 
holes.  The  welds  may  then  be  ground  flush,  and  the  hinges 
re-installed.  The  tool  used  to  straighten  the  hinges  may  be 


Figure  4-16.  Hinge  alignment  tool. 

used  at  this  point  to  hold  the  hinge  plate  in  position  for 
welding. 

If  the  screws  have  been  stripped  or  pulled  loose  you  will 
have  to  cut  new  threads  into  the  plate  with  a  tap  (fig.  4-17). 
Taps  are  made  of  carbon  or  high-speed  steel  and  heat 
treated.  They  are  very  hard  and  brittle  and  must  be  handled 
carefully.  These  taps  are  made  in  three  different  styles; 
taper,  plug,  and  bottom  for  each  size.  The  long  taper  tap 
allows  easier  starting  of  a  tapped  hole,  but  cannot  cut 
threads  to  the  bottom  of  a  hole  thai  does  not  go  completely 
through  an  object.  The  plug  tap  has  less  starting  taper  and 
will  cut  threads  deeper  into  a  blind  hole  (one  that  does  not 
go  all  the  way  through).  The  bottom  tap  is  used  to  cut 
threads  all  the  way  to  the  bottom  of  a  blind  hole. 


Before  cutting  the  threads,  drill  a  hole  of  the  correct 
dimension.  For  example  a  1/4-20  thread  size  requires  a  #7 
tap  drill  size.  The  chart  in  figure  4-18  shows  the  tap  drill 
sizes  for  the  most  common  screw  sizes.  A  special  tool  to 
turn  the  tap  is  the  tap  wrench  shown  in  figure  4-19. 

Some  things  to  remember  when  cutting  new  threads  are: 

(1)  Use  the  correct  size  tap  drill. 

(2)  Use  a  cutting  oil  to  lubricate  the  tap. 

(3)  Be  sure  the  tap  is  started  and  fed  squarely  into  the 
hole. 

(4)  Remove  chips  frequently  as  you  cut.  Turn  the  tap  1/4 
turn  ahead  and  then  back  to  break  the  chips. 

(5)  Do  not  force  the  cut. 

Other  problems  usually  involve  the  structural  integrity  of 
the  door  itself.  Usually  the  various  panels  and  braces  that 
are  used  to  construct  the  door  are  spot  welded  together. 
When  the  welds  break,  the  door  becomes  very  flexible 
rather  than  rigid  and  will  not  fit  properly  into  the  door 
casing.  The  method  of  repair  will  depend  on  many  thing^; 
door  construction,  type  of  break  or  damage,  availability  of 
repair  materials,  etc.  And  you  will  have  to  decide  on  a  job 
by  job  basis  as  to  the  best  repair  method  to  use. 

Exercises  (634): 

1.  What  should  you  do  before  you  begin  to  repair  a 
swinging  door? 


2.  How  do  you  repair  broken  spot  welds? 


3.  What  might  indicate  a  hinge-bound  door? 


4.  Which  of  the  three  tap  styles  is  the  easiest  to  start  and 
why? 


TAPER 

5.  When  wouldn't  you  use  a  starting  tap  and  why? 


6.  What  tap  drill  size  should  be  used  for  a  5/16-18  thread 


size?  (Refer  to  chart  in  fig.  4- IS)? 

PLUG 


BOTTOM 
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Figure  4-17.  Taps 


4-4.  Roliup  and  Overhead  Doors 

Rollup  and  overhead  doors  are  used  extensively  on  Air 
Force  bases  throughout  the  world.  They  receive  a  lot  of  use 
and  abuse  and  require  many  hours  of  maintenance  and 
repair  work  to  keep  them  operational. 
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TAP  DRILL  SIZES 


THREADS 
PER 


SIZE 

INCH 

4 

40 

48 

6 

32 

40 

8 

32 

36 

10 

24 

32 

12 

24 

28 

1/4 

20 

28 

5/16 

18 

24 

3/8 

16 

24 

7/16 

14 

20 

1/2 

13 

20 

9/16 

12 

18 

5/8 

11 

18 

3/4 

10 

16 

7/8 

9 

14 

1 

8 

14 

Figure  4-18. 


TAP 

DRILL  DECIMAL 
SIZE  EQUIVALENT 


43 

.0890 

42 

.0935 

36 

.1065 

33 

.1130 

29 

.  1360 

29 

.  1360 

25 

.1495 

21 

.  1590 

16 

.  1770 

14 

.1820 

7 

.2010 

3 

.2130 

F 

.2570 

I 

.2720 

5/16 

.3125 

Q 

.3320 

U 

.3680 

25/64 

.3906 

27/64 

.4219 

29/64 

.4531 

31/64 

.4844 

33/64 

.5156 

17/32 

.5312 

37/64 

.5781 

21/32 

.6562 

11/16 

.6875 

49/64 

.7656 

13/16 

.8125 

7/8 

.8750 

15/16 

.9375 
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drill  sizes. 
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Figure  4-19.  Tap  wrench. 

634.  Differentiate  between  roilup  and  overhead  door 
types. 

Roilup  doors.  There  are  many  different  designs  and 
manufacturers  of  roilup  doors;  however,  they  all  are 
basically  similar.  A  roilup  door  has  a  curtain  that  rolls  up 
around  a  tube  or  shaft  as  it  is  opened.  This  tube  usually 
contains  torsion  springs  which  act  as  a  counterbalance  and 
assist  in  raising  the  door  (see  fig.  4-20). 

The  various  components  of  the  door  will  vary  in  their 
design;  however,  their  function  will  remain  the  same.  The 
slats  that  make  up  the  curtain  will  be  of  different  shapes  as 
shown  in  figure  4-21 ,  depending  on  the  manufacturer  of  the 


door.  This  is  important  to  remember  when  ordering  new 
slats. 

There  is  also  a  variety  of  mechanisms  used  to  turn  the 
shaft  to  raise  the  door.  Typically  a  chain  operated  gear 
reduction  assembly  like  the  one  shown  in  figure  4-22  will 
be  used.  There  are  many  variations  of  this  assembly.  Some 
use  direct  gearing  rather  than  chains,  some  are  power 
driven,  and  some  use  a  number  of  gear  reductions  to  aid  in 
raising  the  door. 

All  these  doors  use  a  shaft  with  torsion  springs  to  counter 
balance  the  weight  of  the  door.  The  number  and  size  of 
springs  vary  depending  on  the  type  and  size  of  door.  If  two 
or  more  springs  are  used,  they  are  wound  differeniiy  and  are 
not  interchangeable  from  side  to  side  on  the  shaft  or  in  the 
drum.  When  replacing  these  springs,  alwys  ensure  you 
have  the  one  which  winds  in  the  correct  direction.  Usually 
the  spring  has  a  stamp  and  some  other  method  of 
identification  that  shows  if  it  is  left  or  right.  If  you 
interchange  these,  they  will  not  assist  in  opening  the  door. 


EKLC 


4  D  D 


Figure  4-20.  RoUup  door. 
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Figure  4-21 .  Door  slat  shapes  (typical). 


The  spring  or  the  mount  will  break  if  the  spring  is  wound  in 
the  wrong  direction. 

Overhead  Doors.  The  overhead  doors  differ  from  the 
rollup  doors  in  that  they  usually  are  made  up  of  large  panels 
that  ride  on  rollers  in  a  track  that  moves  them  from  a 
vertical  to  an  overhead  horizontal  position  as  shown  in 
figure  4-23.  These  doors  have  a  shaft  similar  to  the  rollup 
doors,  including  the  torsion  springs  and  gear  assemblies. 
The  difference  in  the  lifting  mechanism  lies  in  the  cable 
drum  (or  spool)  and  cable  that  attach  to  the  bottom  of  the 
door  as  shown  in  figure  4-24. 

The  track  for  these  doors  is  offset  from  the  wall  to  give  it 
clearance  from  the  wall  and  allow  it  to  open  and  close  easily 
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(fig.  4-25).  To  compensate  for  this  offset  the  hinges  are 
different  between  each  panel  to  make  the  door  fit  tight  to 
the  frame  when  it  is  closed  (fig.  4-26).  One  variation  of  this 
door  rises  straight  up  the  wall  and  does^  not  change  to  a 
horizontal  position  when  open.  This  type  sometimes  is 
found  in  hangers.  The  lifting  mechanisms  are  the  same  as 
those  found  on  the  other  types. 

Exercises  (635): 
1 .  Which  type  of  door  has  slats  that  make  up  a  curtain? 


2.   How  does  the  lifting  mechanism  of  an  overhead  door 
differ  from  a  rollup  door? 


636.  Explain  common  maintenance  and  repair  actions 
on  rollup  and  overhead  doors. 

Maintenance.  Proper,  regular  maintenance  of  rollup  and 
overhead  doors  is  necessary  for  trouble-free  operation. 
There  are  a  number  of  items  you  should  look  for  during 
regularly  scheduled  maintenance. 

Rollup  doors.  On  roll  up  doors  check  for  gear  alignment, 
ease  of  operation,  curtain  alignment,  adequate  lubrication, 
excessive  wear  of  components,  and  any  broken  or  damaged 
components. 

To  check  gear  or  sprocket  alignment,  lay  a  straight  edge 
across  the  face  of  both  gears  or  sprockets  as  shown  in  figure 
4-27.  The  straight  edge  must  contact  the  full  face  of  both 
sprockets  for  proper  alignment.  If  the  spiockets  arc  not 
aligned  properly,  adjust  them  by  loosening  the  sprocket  set 
screw,  nroving  the  sprocket  into  alignment  and  retightening 
the  screw. 

In  addition  to  proper  alignment,  you  also  should  ensure 
that  all  set  screws  are  tight,  the  slack  in  chains  is  not 
excessive,  all  keys  are  installed  as  needed,  and  that  the 
chain  and  guides  are  lubricated  properly. 

To  check  curtain  alignment,  look  at  the  spacing  on  the 
sides  between  the  curtain  and  the  track.  By  raising  the 
curtain  up  about  6  inches,  you  can  observe  the  clearance 
between  it  and  the  floor  end  to  end  which  will  indicate  if  the 
curtain  is  aligned  property.  If  the  curtain  is  not  plumb  you 
must  realign  it.  To  correct  a  misaligned  curtain,  rotate  the 
barrel  rings  on  the  barrel  to  bring  the  door  into  proper 
alignment. 

Once  the  alignment  is  correct,  operate  the  door  through  a 
full  cycle.  This  may  indicate  problems  that  are  not  obvious 
visually.  Any  sticking  or  jerking  usually  indicates  a  lack  of 
lubrication.  The  guides  should  be  lubricated  with  a  paste 
wax  or  silicone  spray.  These  lubricants  will  provide  smooth 
operation  without  attracting  dirt  and  debris. 

Most  repairs  on  rollup  doors  involve  the  curtain,  which  is 
easily  damaged.  Most  curtains  have  interlocking  slats 
which  can  be  removed  and  replaced  without  dissassembling 
the  entire  door.  Usually  you  can  remove  the  slats  from  the 
curtain  by  seoarating  them  from  their  end  locks,  prying 
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Figure  4-22.  Typical  drive  mechanism. 
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Figure  4-23.  Overhead  door. 
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Figure  4-24.  Overhead  door  counterbalance. 
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Figure  4-25.  Track  offset  (typical). 
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Figure  4-26.  Overhead  door  hinges. 
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Figure  4-27.  Sprocket  alignment. 

them  clear  of  the  guide,  and  sliding  them  out.  Replacement 
is  just  the  opposite,  slide  the  new  slat(s)  in  and  lock  them  to 
the  end  locks.  Specific  instructions  on  replacement  of  slats 
will  be  found  in  the  manufacturers  manual  and  should  be 
used  for  this  operation. 

Overhead  doors.  Many  of  the  maintenance  and  repair 
actions  taken  on  roUup  doors  apply  to  overhead  doors  also, 
because  the  components  are  essentially  the  same.  Although 
the  track  the  door  rides  in  is  designed  differently,  it  still 
requires  lubrication  for  free,  smooth  movement  of  the  door. 
Use  parafin  wax  or  silicone  lubricant  here  to  avoid 
collecting  dirt,  etc.  Lubricate  the  rollers  with  a  few  drops  of 
machine  oil. 


To  check  door  alignment,  you  must  check  it  in  the  open 
and  closed  positions.  First,  check  to  see  if  the  door  is 
centered  in  the  track  by  checking  the  space  on  each  side  of 
the  door  between  it  and  the  track.  This  space  should  be  even 
the  full  length  of  the  door.  If  it  is  not,  either  the  door  is  hung 
improperly  or  the  track  is  mounted  wrong.  With  the  door  in 
the  full  down  position,  check  the  space  at  the  bottom  of  the 
door.  This  space  should  be  even  (if  the  floor  is  known  to  be 
flat)  for  the  full  width  of  the  door.  Overhead  and  vertical 
doors  commonly  need  adjustment  to  square  them  in  their 
track.  They  become  m  saligued  for  several  reasons..  The 
cable  may  not  be  wo!  ad  correctly  on  the  drum  (caused  by 
abuse  in  unwinching  the  drum  too  far).  The  cable  drum  may 
have  slipped  on  the  shaft,  or  the  centerline  coupler  may 
have  slipped.  Check  this  first!  W^y?  On  most  doors  there 
are  two  springs;  and  the  center  coupler  ties  them  together. 
If  one  side  of  the  door  binds  or  hits  something,  then  all  the 
torque  of  the  spring  on  that  side  passes  through  the  coupler. 
After  a  few  times,  something  will  give. 

To  correct  a  door  that  is  high  on  one  side,  first  inspect  the 
cable,  then  the  set  screws  on  the  cable  drum.  To  correct  the 
lopsided  door,  loosen  the  coupling  bolts.  Use  the  hand 
chain  to  level  the  doors,  then  retighten  the  coupling  bolts. 
Test  the  door  in  operation.  To  level  doors  with  one  solid 
shaft,  you  must  adjust  c  .  jable  drum. 

To  adjust  the  level  of  an  overhead  door  you  may  have  to 
raise  or  lower  one  side  of  the  door.  Each  type  of  door 
requires  its  own  technique  to  accomplish  this. 

If  you  remember  back  in  figure  4-24,  the  cable  has  a 
nonadjustable  eye  at  the  lower  end.  This  adjustment  is  at 
the  top.  Before  you  start  undoing  things,  remember  that 
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there  is  a  lot  of  tension  on  the  torsion  shaft  assembly,  so  you 
should  secure  the  drum  before  you  loosen  the  set  screws. 

To  adjust  doors  at  the  grooved  cable  drum,  slightly  raise 
the  low  side  of  the  door  and  secure  the  torsion  shaft. 
Loosen  the  set  screws,  and  rotate  the  drum  until  the  cable  is 
tight.  Then,  tighten  the  set  screws.  Raise  the  door  2  or  3 
feet.  Now  close  it,  and  recheck  the  alignment. 

Doors  that  have  two  springs  and  a  split  shaft  can  be 
aligned  easily.  To  do  this,  loosen  the  coupling  bolts  and 
slightly  raise  the  door  until  it  is  level,  or  parallel  with  the 
floor.  Then  retighten  the  coupling  bolts.  You  need  not 
wony  too  much  about  tension,  since  you  are  not  making 
any  break  in  the  tension  line  (door,  cable  drum  shaft  to 
spring).  Be  very  careful  when  you  must  remove  the 
coupling  bolts.  This  sometimes  is  necessary  to  allow 
enough  adjustment  between  two  shafts.  When  all  the  bolts 
are  removed,  you  must  support  the  shaft  ends — holding 
them  in  place  until  the  coupling  bolts  are  replaced. 

Once  a  door  is  level,  you  must  adjust  the  torsion  springs 
for  proper  lift.  First,  draw  a  horizontal  tension  on  the 
torsion  springs  is  to  draw  a  horizontal  line  on  the  spring 
from  plug  to  plug  with  a  piece  of  chalk.  As  the  spring  is 
wound,  the  number  of  spirals  shown  by  the  chalk  will 
indicate  the  number  of  turns  on  the  spring.  The  number  of 
turns  needed  will  depend  on  the  height  and  weight  of  the 
door. 

Consult  the  manufacturer's  installation  procedures  for 
the  number  of  turns  required  for  your  particular  door.  Win<J 
up  the  springs  with  an  extension  rod  that  fits  snugly  into  the 
spring  plugs.  Then  secure  the  spnng  with  the  set  screws  in 
the  plug.  Some  of  the  shafts  may  have  a  flat  side  to  assure  a 
good  tight  fit.  When  the  shall  has  more  than  one  torsion 
spring,  each  should  be  wound  by  the  same  amount.  As  the 
spring  is  wound,  the  outside  gets  smaller  and  the  spring  gets 
longer.  If  the  spring,  when  wound,  is  shorter  and  fatter,  it  is 
wound  in  the  wrong  direction  and  will  not  function.  Test  the 
door  for  balance.  If  the  door  is  heavy  to  lift,  and  hangs 
before  it  is  completely  up,  wind  the  springs  tighter.  On  the 
other  hand,  the  tension  is  too  great  when  the  door  has  a 
tendency  to  jump  off  the  floor,  and  when  it  rises  rapidly. 
All  these  adjustments  must  be  checked  with  the  door  sitting 
on  the  floor. 

A  correctly  adjusted  door  should  snap  into  the  head 
assembly  (up  position),  and  barely  tend  to  lift  off  the  floor 
(down  position).  It  also  will  fall  through  the  midrange  of  its 
travel.  Wind  the  tension  wheel  in  the  direction  that  would 
tend  to  raise  the  door.  Adjust  the  tension  wheel  one  notch  at 
a  time.  After  proper  tension  is  applied,  install  a  pin  in  the 
tension  wheel  to  lock  it  in  position.  This  adjustment  is  the 
same  on  both  overhead  and  rollup  doors. 

Alignment  of  an  overhead  door  also  should  be  checked  in 
the  full  open  position.  If  the  tracks  are  not  parallel  and 
aligned  properly,  the  door  could  fall  out  of  the  track  when 
opened.  Check  to  see  if  clearance  between  the  door  and 
track  are  equal  and  not  excessive.  Ensure  the  doorstop  is  in 
place  and  functional. 

Occasionally  a  hinge  may  break  or  become  worn  enough 
to  require  replacement.  Remember  that  the  hinges  are 
designed  for  specific  panels  on  the  door  and  cannot  be 
interchanged.  Consult  the  proper  manufacturers  manual  for 
correct  parts  replacement. 


Exercises  (636): 

1 .  What  method  is  used  to  check  alignment  of  sprockets 
or  gears? 


2.  What  should  be  used  to  lubricate  guide  tracks  and 
why? 


3,   How  can  you  correct  a  misaligned  curtain  on  a  rollup 
door? 


4.  Why  would  you  draw  a  line  across  a  torsion  spring 
with  chalk? 


5,   How  can  you  tell  if  an  overhead  doors  torsion  springs 
are  adjusted  to  the  correct  tension? 


4-5.  Hangar  Doors 

There  are  many  types  of  hangar  doors:  overlap  sliding, 
folding,  cable  connected,  interlocking,  individual,  and 
overhead  foldin^  .  We  will  discuss  some  problems  that  are 
related  to  all  hangar  doors,  since  there  are  often  three  or 
four  types  on  each  base. 

637.  Identify  maintenance  actions  for  hangar  doors. 

Sliding  Hangar  Doors.  Hanger  doors  are  large  sections 
of  steel  beams,  sheets,  and  other  materials,  assembled  in 
such  a  way  as  to  be  able  to  be  moved  out  of  the  way. 
Moving  parts  cause  problems.  They  need  oil  and  grease, 
which  collect  dust,  dirt,  and  sand.  These  doors  can  weigh 
up  to  68  tons,  and  can  cover  areas  40  feet  high  and  25  to  30 
feet  wide.  Most  doors  roll  on  tracks  mounted  in  concrete. 

When  you  inspect  a  hangar  door,  some  things  to  watch 
for  are:  general  appearance,  excessive  grease,  shiny  areas, 
operating  instiuctions  posted  near  the  switch ,  and  a  list  of 
authorized  operators. 

Many  doors  are  set  up  with  brake  systems  or  locks  (drop 
pin  1  inch  in  diameter).  These  items  must  be  checked  for 
functions'  operation,  and  they  also  must  be  listed  on  the 
operating  instructions. 

Every  now  and  then,  a  door  will  get  off  the  track.  Your 
job  is  to  put  it  back  on.  This  can  be  done  with  a  long  steel 
bar  and  small  pieces  of  wood.  On  large  doors,  you  will  need 
a  hydraulic  jack  with  a  sidemount  attachment  and  a  large 
steel  bar. 

Check  for  the  reason  the  door  comes  off  the  track.  It 
covld  be  caused  by  rocks  on  the  track,  the  door  hitting  a 
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stop  too  hard,  or  the  door  being  pushed  by  powered 
equipment. 

Door  alignment.  The  door  must  stand  straight  (plumb).  A 
door  that  is  out  of  plumb  can  be  corrected  by  adjusting  the 
wheels  up  or  down.  Each  door  has  its  own  design  of  wheel 
adjustment.  Look  it  over.  Check  for  lock  bolts,  and  check 
the  adjusting  nut.  Check  the  floor  clearance  at  each  wheel, 
from  the  bottom  of  the  door  to  the  floor.  The  doors  must 
stand  straight  so  that  they  will  trip  the  limit  switch  just  as 
they  close  to  a  snug  fit  (fig.  4-28). 

The  limit  switches  on  most  hangar  doors  are  mounted  at 
the  top  of  the  door.  Limit  switches  are  tripped  by  arms, 
ramps,  posts,  springs,  or  any  of  a  number  of  devices.  After 
you  plumb  a  door,  always  check  for  any  effect  on  the  limit 
switch  caused  by  closing  the  door.  If  the  door  closes  too 
tightly  and  the  power  unit  continues  to  run;  or,  if  the  door 
stops  before  it  closes,  you  will  have  to  adjust  it  to  the  proper 
position. 

The  greatest  aid  in  keeping  hangar  doors  operating 
properly  is  a  thorough  RIPE  maintenance  program  in  which 
systems  are  checked,  lubricated,  and  maintained  on  a 
regular  schedule. 


rixercises  (637): 
1 .  How  do  you  adjust  a  hanger  door  to  plumb? 


After  a  door  has  been  plumbed,  what  should  you 
check? 


?.  Why  do  the  lubricants  used  on  hanger  doors  cause 
problems? 


4-6.  Gate.. 

Rolling  gates  are  used  on  almost  every  Air  Force  base  in 
the  world.  They  may  be  at  an  outside  supply  storage  area, 
around  a  secure  building  or  area,  or  maybe  even  w^thm  a 
warehouse.  They  may  be  of  several  different  designs. 

^ar  Usually  they  are  of  local  manufacture,  so,  although  they  are 

similar,  they  are  not  identical  from  base  to  base.  To  provide 

CBG-II2  trouble-free  operation,  these  gates  must  be  maintained 
regularly.  This  will  consist  of  lubricating  and  adjusting  the 
rollers  and  guides  on  the  gate  and  gate  posts. 

638.  Cite  adjustments  and  lubrication  requirements  of 
rolling  gates. 

Gate  Design.  The  most  common  rolling  gate  design  is 
shown  in  figure  4-29.  Notice  that  the  entire  gate  rides  above 
the  surface  of  the  ground  on  four  rollers  attached  to  the 
gateposts.  The  gate  itself  usually  is  constructed  of  a  welded 
pipe  frame  covered  with  chain  link  fence  fabric.  The  rollers 
arc  mounted  on  axles  with  either  bushings  or  bearings  with 
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the  axle  welded  to  a  collar  that  can  be  adjusted  to  different 
heights  on  the  post  (fig.  4-29).  The  gate  may  be  operated  or 
powered  manually.  The  latch  mechanism  may  be  operated 
manually  or  have  an  electromagnet-operated  latch  within  a 
secure  box  of  some  type. 

Maintenance  and  repair.  The  most  common  problem 
with  these  gates  involves  the  rollers.  If  they  are  not 
lubricated  and  adjusted  regularly,  the  bushing  and/or 
bearings  will  wear  out  rapidly.  Usually  there  is  a  grease 
fitting  (zerk)  in  the  axle  shaft  or  on  the  roller  hub  which 
facilitates  lubricating  the  roller.  The  position  of  the  rollers 
supports  the  gate  and  prevents  its  being  removed.  Only  one 
set  of  rollers  (top  or  bottom)  supports  the  gate,  while  the 
other  set  guides  and  secures  the  gate  in  position.  Another 
variation  would  be  to  have  the  upper  and  lower  gate  rails 
both  on  the  inside  of  the  rollers.  Then  only  the  lower  set 
would  support  the  gate  while  the  upper  set  would  guide  and 
secure  it.  The  rollers  are  adjusted  on  the  gateposts  by 
loosening  the  bolt  in  the  collar,  sliding  the  assembly  into 
the  required  position,  and  retightening  the  bolt.  The  rollers 
should  not  be  adjusted  tight  enough  to  cause  drag  or  stress 


nor  loose  enough  to  allow  the  gate  to  come  off  the  rollers. 
You  also  must  be  careful  to  align  the  latch  properly  when 
the  gate  is  closed. 

Power  units.  The  power  unit  on  a  mechanical  gate  is 
similar  to  that  of  the  overhead  door.  The  principle  is  the 
same.  A  power  unit  (operator)  turns  a  shaft  and  sprocket, 
which  moves  a  roller  chain.  The  gate  is  attached  to  the 
roller  chain  and  moves  on  tracks.  As  with  the  overhead  door 
operator,  dust  and  dirt  collect  on  the  roller  chain  and  cause 
many  problems.  This  dust  and  dirt  must  be  removed  during 
regular  maintenance. 

Exercises  (638): 

1.  Why  are  the  upper  and  lower  rollers  installed  either  on 
the  inside  or  the  outside  of  the  rails? 


2.  What  items  should  be  checked  during  inspection  of  a 
gate  system? 


ANSWERS  FOR  EXERCISES 


CHAPTER  1 

Reference: 

600  ~  1 .    6  inches  on  side  and  1 2  inches  in  front. 
600  -  2.    20-gage  stainless  steel. 

600  -  3.    Monel  rivets. 

601  -  1.    Plan  view. 
601-2.    Triangulation  method. 
601-3.    The  true  length  chart. 

60 1  -  4.    The  I  -inch  90''  bend  portion. 
601—5.    Dividers  or  trammel  points. 
601-6.    Slant  notched  at  each  end. 

602  -  1 .    Squaring  shears  and  straight  snips,  so  you  won't  clip  the  2-inch 

collar. 

602  -  2.  Straighten  about  2  inches  of  each  seam  end,  so  the  cornice 
brake  won't  damage  the  metal  when  you  clamp  it. 

602  -  3.    Cornice  brake  and  box  and  pan  brake. 

603  -  1 .    One  2  inches  from  each  end  of  standing  seam  and  one  in  the 

center. 

603  -  2.    Measure  distances  between  diagonally  opposite  comer  to  make 

sure  they  are  equal. 
603  -  3.    50/50  solder  for  the  comer  lap  joint,  but  silver  solder  for  the 

outlet;  silver  solder  is  stronger. 

603  -  4.    Use  tumbuckles  to  lower  the  drain  outlet  so  that  i  ^asc  will 

drain  out  properly. 

604  -  1.    14-gage  stainless  steel. 
604  -  2.    1-inch  stainless  steel  tubing. 

604  -  3.    16  gage  and  1     inches  in  diameter. 

605  -1.    20  gage. 

605  -  2.  Stainless  steel  is  stronger,  requiring  more  force  to  bend,  and  it 
has  more  springback. 

605  -  3.    Use  shears  and  forming  equipment  with  a  larger  capacity  than 

you  would  use  for  the  same  gage  of  mild  steel. 

606  -  1.    Make  straight  (butt)  cuts,  insert  a  piece  of  brass  round  stock 

about  6  inches  long,  drill  and  tap  hole  in  the  bottom  side,  and 
attach  the  pieces  with  roundhead  screws. 
606  -  2.    Use  new  brackets,  because  weld»ng  removes  the  chromium 
plate. 

606  —  3.    With  a  3/8-Inch  corrosion-resistant  bolt. 

607  —  1.    Do  the  rough  cut  with  a  medium  coarse  grit,  do  the  second  cut 

with  a  medium  fine  grit,  and  stop  grinding  before  the  bead  is 
flush. 

607  -  2.  Use  a  wheel  that  hasn*t  been  used  on  other  metals;  apply 
adhesive  paper  to  protect  the  surface;  avoid  overheating  the 
surface.  (Any  two  of  these  is  a  good  answer.) 

607  -  3.    Use  120  grit  aluminum  oxide  applied  with  a  soft  wheel,  using  a 

lubricant. 

CHAPTER  2 

608  -  1.  Before. 

608  -  2.  Material  of  the  same  type  and  thickness  as  the  original  material. 
608  -  3.    A  masonry  drill  and  expandable  sleeves  (anchors). 


608  -4. 


609  -1. 

609  -  2. 

609  -  3. 

610  -  1. 
610  -  2. 
610  -  3. 


611 
611 

611 


611  -  4. 


612 
612 
612 

612 
612  ■ 


4. 
5. 

613  -  1. 


613 
613 

613 
614 


2. 
3. 

4. 


614  -  2. 


614 
614 

614 
614 


615 
615 
615 
615 


1. 
2. 
3. 
4. 


615  -  5. 


616 
616 
616 


1. 

2. 
3. 


Shaping  (flattening  and  bending)  the  ends  and  drill  holes  in 
them. 

It  has  seam  allowance  for  two  standing  seam  flanges  because 
the  side  trim  has  the  pocket  portion  of  the  standing  seam. 
I^inch  press,  straight  snips,  and  comice  brake. 
The  comer  lap  scams  on  the  ends  of  the  side  pieces. 

The  top  panel  installed  last  is  the  one  with  two  flanges  and  no 
standing  seam  pocket. 

First  attach  the  hanger,  position  the  canopy  on  the  wall  angle 
and  level  it,  then  drill  holes  and  bolt  to  wall  angle. 
Rivets  or  bolts  and  caulking  compound. 

CHAPTER  3 

Galvanic  action. 

Copper,  aluminum,  and  galvanized  iron.  Don't  use  steel  nails 
with  copper. 

A  coating  of  oxide  (patina)  that  forms  when  copper  is  exposed 
to  the  air  and  weather. 
Lower  cost  and  strength. 

Less  than  a  3-inch  slope  to  the  foot. 

The  rooflng  standing  seam  is  a  double  seam. 

Grooved  (flat)  seamed  roofs  are  held  in  place  with  cleats  and  the 

seams  are  soldered. 

Corrugated,  rib,  or  5  V-crimp. 

Because,  for  a  batten  seam  you  nail  the  cleats  to  the  batten  strip. 

Double  seamers  are  used  to  make  double  seams  out  of  standing 

seams. 

Mallet. 

Clantping  tongs  hold  seams  in  place  while  you  work;  squeezing 
tongs  are  used  to  tighten  seams. 
Grooved  or  flat. 

The  first  sheet  installed  is  the  lower  sheet  in  the  direction  of  the 
prevailing  wind. 

After  the  first  row  has  progressed  far  enough  that  it  will  not 

overlap  any  of  the  second  row. 

So  that  a  good  solder  joint  can  be  made  easily. 

A  metal  strip  the  full  length  of  the  gable  is  nailed  to  the  roof 

deck  and  extends  3/4  inch  past  the  bottom  edge  of  the  gable. 

The  cap  is  flattened  over  the  end  of  the  batten. 

a.  Under  the  ridge  flashing. 

b.  Lay  the  roof,  place  the  closure  strip,  place  the  ridge  cap. 
fasten  with  screws  through  the  cap-closure  strip  and  into 
the  roof. 

Solder  the  hole  or  break. 

By  replacing  the  sheet  with  the  break. 

Clean  with  wire  brush  or  emery  cloth  and  apply  flux. 

Make  a  patch  firom  like  material;  use  roofing  cement  and  blind 

nvets  to  fasten  the  patch  in  place. 

Solder,  usually  50/50. 

Fascia  and  gravel  guard  flashing. 
Ridge  flashing. 

a.  With  bolts,  screws,  rivets,  nails,  or  cleats. 

b.  Always  use  the  same  kind  of  material  as  the  flashing. 
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616-4.  Fascia  and  gravel  guard  flashing,  and  it  should  be  wide  enough 
to  extend  under  the  roofing  material  4  inches  and  cover  the 
entire  fascia. 

616  -  5.    Gable  flashi'.Jg. 

616-  6.    On  the  ridge  of  a  roof;  it  should  be  lapped  at  least  4  inches. 

617  -  1.   Tar  stop. 

617  -  2.    Piece  A  of  an  expansion  joint. 

617-  3.    (a)  Clean  the  area,  (b)  appl>  flux,  and  (c)  apply  50/50  solder. 

618-  1.    Half-round  double-bead  gutter. 
618-2.    Nonhardening  type. 

618  -  3.  Ferrules  and  spikes. 
618-4.  Strainer. 

618-  5.  On  the  front,  the  ogee  gutter  has  a  slow  S-shape. 

618  -  6.  End  cap,  held  in  place  by  friction,  solder,  or  plastic  cement. 

619  ~  1.    Route  water  from  the  gutter  lo  the  lirainage  system. 

619-  2.    Cold  areas;  freezes. 

619  -  3.  They  will  match  the  gutters. 
619-4.  Avoiding  sharp  turns. 
619-5.  Prevent  washing  the  soil  away. 
619-6.  An  anchor  bolt  and  strap  hanger. 

620  -  I .  Opposite  the  downspout  and  as  close  to  the  eave  overhang  as 

|X>ssible. 

620  -  2.  Mastic  (plastic  cement). 

620  -  3.  Secure  the  downspout  in  place  by  placing  sheet  metal  screws 

through  the  hanger  into  the  downspout. 

620  -  4.  Not  over  30  inches  apart. 

620  -  5.  Slip  joints  are  installed  with  mastic. 

620  -  6.  Measure  the  distance  between  the  pockets  of  the  slip  joints. 

620  -  7.  6  inches. 

621  —  1 .  Remove  all  of  the  old  mastic  and  reseal  with  new  mastic. 
621  -  2.  Replace  it  with  a  like  hanger. 

621  -  3.  Clean  the  area  around  the  hole  and  solder. 

622  —  1.    Sketch  the  gutter,  including  dimensions  and  shape,  and 

determine  what  material  to  use. 
622  -  2.    Prick-punch  the  bend  lines. 
622  —  3.    Comice  brake  with  a  former. 

622  -  4.    Make  the  first  four  bends  on  the  second  gutter;  then  you  can 

make  all  the  curve  bends  when  you  put  the  fomier  in. 

623  -  1 .   The  3/8-inch  flanges  on  three  sides  of  the  drop  outlet  are  bent 

out  90**  with  a  stake  and  mallet. 
623  -  2.  Three. 
623  —  3.  Inside. 
623  -  4.    Left  and  right  ends. 
623  -  5.    In  the  back. 

623  -  6.   The  one  at  the  back  remains  straight  to  fit  the  back  of  the  gutter. 
623  -  7.    With  rivets  or  spot  weld. 
623  —  8.    1/2  inch,  on  only  one  piece. 
623  -  9.  Inside. 

623  -  10.  A  6-foot  section  of  2"  x  2"  x  1/4"  angle  iron. 

623  —  II.  An  item  placed  at  the  bottom  of  a  leader  to  rum  water  out  away 

from  the  building.  It  is  made  by  making  two  45"  miterc. 

624  -  1 .    Test  the  new  gutter  with  water  to  insure  that  the  water  will  flow 

out.  Make  the  test  before  you  install  any  other  components. 

624  -  2.  Three. 

CHAPTER  4 

625  -  1.  (1)  c. 


(2)  b. 

(3)  a. 

(4)  a. 

(5)  c. 

626  -  1.    b,  d,e. 

627  -  I.  (1)  c. 

(2)  d. 

(3)  g. 

(4)  f. 

(5)  b. 

(6)  a. 

(7)  d. 


628  - 

•  • 

a,  d,  e. 

629  - 

1. 

(1)  b. 

(2)  a. 

630  - 

1 . 

a,  d,  e,  f,  g,  i,  j. 

631  - 

1. 

b,  f,g,i. 

632  - 

1. 

c  d  b  a  e. 

633  - 

1. 

Left  hand. 

633  - 

2. 

It  has  the  hinges  on  the  right  and  swings  out  (toward  you)  as 

you  face  it  from  the  outside. 

633  - 

3. 

On  the  niitsirfp 

634  - 

1. 

Determine  ihc  cause  of  the  damage. 

634  - 

2. 

By  drilling  through  the  casing  and  plug  welding  the  hinge  plate 

in  place. 

634  - 

3. 

Difficult  to  close  and  springs  open. 

634  - 

4. 

Taper,  because  of  the  long  tapered  section  at  the  starting  end 

which  helps  center  and  guide  the  tap  into  the  hole. 

634  - 

5. 

In  a  blind  hole  because  threads  will  not  be  cut  the  full  depth  of 

the  hole. 

634  - 

6. 

F. 

635  - 

1. 

RoUup. 

635  - 

2. 

The  shaft  has  cables  nnH  rnhl<»  Hmmc  T^<»  rahli**;  atturh  to  th«» 

bottom  panel  and  wind  around  the  cable  drum  as  the  door  is 

raised. 

636  - 

1. 

Place  a  straight  edge  across  the  face  of  the  sprockets.  The 

straight  edge  must  contact  the  full  face  of  both  gears  for  proper 

alignment. 

636  - 

2. 

Parafin  wax  or  silicone,  because  these  lubricants  do  not  attract 

dirt  as  other  lubricants  do. 

636  - 

3. 

Adjust  the  cable  drums  to  level  the  door. 

636  - 

4. 

To  obtain  an  accurate  count  of  the  number  of  revolutions  the 

spring  has  been  wound. 

636  - 

5. 

It  should  fall  through  the  midrange  of  its  travel  and  barely  tend 

to  lift  off  the  floor.  When  opened  it  shouM  snap  into  the  head 

assembly. 

637  - 

1. 

By  adjusting  the  wheels  you  can  raise  or  lower  each  end  of  the 

door  independently. 

637  - 

2. 

Limit  switch  operation. 

637  - 

3. 

Because  they  attract  dust,  dirt  and  sand. 

638  - 

1. 

To  support  the  gate  and  prevent  its  being  removed  easily. 

638  - 

2. 

Proper  lubrication,  roller  positioning,  and  broken  or  worn 

components. 
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STOP-  1-   MATCH  AN3WER  SHEKT  TO  THIS  EXERCISE  NUMRniW 

?.   USE  NUMBER  2  PEN^:IL  ONLY. 

EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

55252  0^4  22 
INSTALLED  EQUIPMENT  AND  DOORS 

Carefully  read  the  following: 
pO's: 

K  Chc^ok  the  "courne , "  "volume,"  and  "form"  numbers  from  thr  an.swer 
.shof^t:  address  tab  against  the  "VRE  answer  shoet  identification 
number"  in  the  ripihthand  col\)mn  of  the  .shipping  li^^.t,.  If  numberr.  dc^ 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  KCi 
immediately  with  a  note  of  explanation • 

?•  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each 
column . 

3*  Use  a  medium  sharp  #2  bDack  lead  pencil  for  marking  answer  sheet  . 
Write  the  correct  answer  in  the  margin  at  the  left  of  the  item. 
(When  you  review  for  the  course  examination,  you  can  cover  i^our 
answers  with  a  strip  of  paper  and  then  check  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  answers, 
transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if 
at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  EC  I. 

6,  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

?.  If  !5§nl5.toi2ilj^  enrolled  student,  process  questions  or  comments 
through  your  unit  trainer  or  OJT  supervisor.  If  voluntari^l^ 
f^nrolled  student,   send  questions  or  comments  to  ECI  on  ECI  Form  17. 

pON'Ts: 

1.  Don't  use  answer  sheet.'^  other  than  one  furnished  specifically  for 
each  review  exercise. 

P.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks. 
Double  marks  or  excessive  markings  which  overflow  marking  blocks 
will  register  as  errors. 

3-     Don't  fold,   spindle,   staple,   tape,   or  mutilate  the  answer  sheet. 

^\ .     Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parpnthesis  after  each  itom  number  on  t.h*^ 
VRE  is  the  L*2§C[liQ£  Q^j.?Q.tty^  ^lySt!.^!!  where  the  answer  to  t.hat. 
item  can  be  located.  When  answering  the  items  on  the  VRE,  refer 
to  the  Learning  Objectives  indicated  by  these  ^umbers.  The  VRE 
results  will  be  sent  to  you  on  a  postcard  which  wil]  list  the 
actual  VRE  items  vou  missed.  Go  to  the  VRE  booklet  and  locate 
the  Learni_ng  Obj^^ctive  Numbers  for  the  items  missed.  Go  to  the 
text  r»nd  carefully  review  the  areas  covered  by  these  references. 
Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 
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MULTIPLE  CHOICE 


Not'.e^to  ^Student :     Con.sid^^r  all.  choiof=*s  carefully  ana  yplect  '2!lt:l: 

an.sw^r  to  each  que-^tion. 

1.     (600)     For  goon  coverage  of  an  air  pickup,   range  hoods  should 
extend  how  many  inches  beyond  the  front  and  sides  of  a  range? 

a.  1?"  in  fronc  rind  6"  on  the  sides. 

b.  0»'  in  front  and        on  the  sidos. 

c.  f)*»    in  front    nnd         on  t.hn  sides. 

d.  1"    in   !"r(Hil    .md  P"  on  .-vidt^-;. 

(^)()0)     What   is  iu^t*d  to  Sf^cnrt'  the  oorner\«=^  of  th*-*  //•^'^i.-'t)  tr-ap 
and  the  standing  seams  of  <?  stainless  steel  hood? 

a-     Blind  rivets-  c.     U  lb  tinner's  rivets, 

b,     Monel  rivets.  d.     Stainless  steel  rivets. 

(601)  When  laying  out  a  hood  pattern,  a  plan  viev;  of  the  transition 
is  required  so  that  certain  points  can  be  transferred. 

a.  to  the  elevation  view.  c.  from  the  elevation  view. 
h.     to  the  true  length  chart.       d.     from  the  pictorial  view. 

.     (602)     What  equipment  is  used  to  bend  the  patterns  for  the  side 
pieces  of  a  hood? 

a*     The  cornice  brake  and  the  box  and  pan  brake • 

b.  The  setting  down  machine  and  the  box  and  pan  brake. 

c.  The  Pittsburg  lock  forming  machine  and  cornice  brake. 

d.  Each  of  the-  above. 

^.     (60"^)     When  assembling  a  hood  designed  with  standing  seams,  why 
are  the  rivets  placed  8  to  10  inches  apart? 

a.  To  maintain  uniformity. 

b.  To  reinforce  the  welded  seams • 

o»  Only  for  appt^aranof^  sincf^  the  seams  are  woldpd. 

d.  For  good  appearance  and  holding  power. 

6.     (603)     What  are  the  last  two  steps  to  be  taken  in  the  installation 
of  a  range  hood? 

a.     Recheck  for  leveling  and  install  the  filter. 

h.     Rf^move  the  adhesive  paper  and  install  the  filter. 

Trustall  the  filter  and  seal  with  adhesive  paper, 
d.     Install   the  filter  and  remove  the  temporary  exhaust  duct. 


(60^0     On  a  serving  line,   trp  oap  strij         ^3:0  to  cover 


a  • 


the  di.^^plr-y  ?heir. 
the  odge  of  the  top. 


thp  r)ing<-j.s  of  th<^  door^. . 
thf^  \\.:tt   joints  s 


(60^)     What  m-'terial   is  used  to  construct  the  three  side  rails 
for  trays  on  a  serving  line? 

a.     1"  diameter  stainless  steel  tubing. 

h.     1    1/8"  diameter  steel  pipe. 

o.     2"  diameter  stainless  steel  pipe. 

d.     2   1/?"  diameter  stainless  steel  tubing. 

(ftO^)     What  are  the  first  steps  to  be  taken  when  replacing  a 
panel  of  a  serving  line? 

a.  Repair  and  weld  the  old  panel  anci  replace. 

b.  Order  a  replacement  and  install. 

c.  Cut  to  size  and  form  the  new  panel. 

d.  Replace  with  correct  size  panel  but  do  not  use  fasteners. 

(605)  In  forming  stainless  steel  panels  for  a  serving  line  you 
should  .^emember  that  stainless  steel  as  opposed  to  mild  steel 

a.  will  crack  easily.  c.     will  not  bend  sharply. 

b.  has  a  great  spring  back.         d.     has  good  forming  qualities. 

(606)  What  steps  are  required  to  repai/-  a  tray  slide  rail  that 
has  a  clean  break  12"   from  a  support  bracket? 

a.  Bemove  the  end  piece  and  broken  section  and  then  install  a 
brass  spliee. 

b.  Remove  the  end  piece  and  broken  section  and  then  replace  with 
a  new  section. 

o.     Remove  the  broken  section  and  weld  it;   then  replace  the  repaired 
section . 

d.     Repair  it  in  place  by  placing  a  brass  sleeve  over  it. 

(607)  When  repairing  a  cracked  weld  in  stainless  steel,  what 
must  be  done  to  prevent  the  crack  from  getting  longer? 

a.  Weld   from  center  to  the  ends  of  the  crack. 

b.  Weld  from  each  end  of  the  crack  toward  the  center. 

o.     The  weld  of  the  crack  must  be  ground  flush  with  the  surface, 
d.     Stop  drill  each  end  of  the  crack  before  welding. 

(608)  An  awning  is  installed  over  a  window  so  that  it  will 

a.  extend  1^  inches  over  the  window. 

b.  extend  12  inches  over  the  window. 
0.  extend  6  inches  over  the  window. 

d.  extend  the  same  distance  over  eaoh  side  of  the  window. 
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(608)  When  repairing  or  replacing  panels  of  an  awning  it  is 
necessary  to 

a.     ccmpleteTy  disassemble  all  the  parts, 
b*     replace  panels  rather  than  patch. 

c.  replace  with  the  same  type  an i  gage  of  metal  used   m  the  old 
panel . 

d.  use  a  heavier  material  for  the  replace  part.s. 

(609)  Canopies  are  usually  made  of  aluminum  panels  joined  together 
with 

a.  post  locks.  c.     double  lock  seams. 

b.  standing  seams.  d.     Pittsburg  lock  seams. 

(610)  When  assembling  a  canopy  with  standing  seams,  what  procedure 
is  followed  to  secure  the  panels  together? 

a.  Install  a  cap  strip  and  crimp  the  seams. 

b.  Place  a  bolt  or  screw  at  each  10  to  12  inch  interval. 

c.  Place  a  rivet  every  12  inches  along  the  seams. 

d.  Look  the  seams  by  bending  the  top  edges  over  each  other. 

(610)  When  installing  a  patch  of  like  material  on  a  canopy, 
you  should  use 

a.  a  sealant  between  the  patch  and  panel. 

b.  rivets  made  of  a  material  compatible  to  the  panel. 

c.  Clecos  to  hold  the  patch  in  place  while  other  holes  are  being 
drilled • 

d.  all  of  the  above. 

(611)  A  patina  forms  on  which  of  the  following  roofing  materials? 

a.  Aluminum.  c.  Template- 

b.  Copper.  d.     Galvanized  iron. 

(61   )     Which  of  the  following  roofing  materials   is  available 
in  flat,  corrugated,   or  double-rib  shoots? 

a.     Aluminum.  c.  Copper. 

h.     Template-  d.     Galvanized  iron. 

(hi?)     Which  of  the  following  roofing  seams  are  secured  to  the 
ronf  Aock   with  cleats? 

.\.     (;r-oiW«Ml,    Inp,   and  batten.       c.     Standinf?;,  gr(^MVod,  an.1 

I).     Lap,  battori.  and  standing.     d.     Batt^>n,   standing,  and  Rr-oov^d. 
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(613)     The  double-seamer  is  a  roofing  tool  used  to  mrdko 

a.     lap  3e.^ra3. 

h.     grooved  reams. 

bat  ton  .seam  joints. 
<] .     double  seams  from  standing  seams. 

(613)     Which  of  the  following  is  used  to  turn  the  edges  from 
n  grooved   (flat)  scam  roof? 

a.  A  bar  folder.  c.     A  roofing  foloe^. 

b.  A  cornice  brake.  d.     None  of  the  abov*:^. 

(6!^)  When  you  in.staU  metal  roofing  with  lap  n«\*ims ,  tht-  direot.i 
of  tho  sidelap  will  be  determined  by  the 

a.  pitch  of  the  roof. 

b.  number  of  crowns  in  the  seam. 

c.  water  runoff. 

d.  direction  fo  the  prevailing  wind. 

(61^4)  On  flat  seam  metal  roofing,  you  should  make  proper  notche.s 
so  that 

a.  the  cleat5>  will  fit  into  the  seams. 

b.  the  seams  can  be  set  with  ease. 

o.     a  f^ood  solder  joint  can  be  obtained, 
d.     th'e  seams  can  be  joined  evenly. 

(615)  The  steps  in  sequence  to  repair  a  small  hole  on  a  flat 
Sfjam  copper  roof  are: 

a.  Clean  the  surface  with  an  emery  oloth,  apply  flux,  and  solder 

b.  Apply  flux,  clean  with  a  hot  iron,  and  solder. 

o.     Clean  the  surface  with  a  scraper,  apply  flux,   and  solder, 
d.     Clean  the  surface  with  an  emery  cloth  and  apply  a  plastic 
roo  f i  ng  cement . 

(616)  What  type  of  flashing  would  you  use  where  two  sloping 
roofs  join? 

a.  Base.  c.  Valley. 

b.  Gable.  d.     A  gravel  guard. 

(617)  When  in.->talling  a  fascia  flashing,  you  should  solder 

a.  the  grooved  seam.  c.     all  the  nail  heads. 

b.  the  expansion  joint  parts.     d.     all  of  the  above. 
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?fi .     (61?)     F.lashing  made  of  galv^tiized  iron         u.siia]  ly  rep.'j^roa  >rj 

attaching  aluminum  patohea. 
bw     replacing  the  damaged  metal. 

c.  soldering  the  edges  of  the  damaged  area. 

d .  covering  the  damaged  area  with  cement . 

(6l8)     Which  of  the  followin/7;  is  used  to  join  :3traLglit  guttei^ 
ntM^tion.s  unci  corner  miters? 

a.  olip  jointr-^.  c.     Lock  jojnts. 

b.  Soldered  joints.  d.     )\ap  joints. 

30.  (618)     Ferrules  are  used   to  hang  gutters.     Which  of  the  fol lowing 
determines  the  length  of  a  ferrule? 

a.  The  size  of  gutter  being  installed. 

b.  The  height  of  the  gutter. 

c.  The  number  of  downspouts. 

d.  The  length  of  the  spikes  you  use. 

31.  (618)     What   is  the  purpose  of  strainers  in  a  gutter  system? 

a.  To  keep  the  gutter  from  being  clogged. 

b.  To  prevent  clogging  the  downspout. 

c.  To  keep  birds  from  nesting  in  the  gutter. 

d.  To  prevent  the  downspout  from  freezing. 

•i.',      (fiV^     Downspouts  can  be  purchased  ready  for  i  n:^ ta  1  1  ati on  .  Tho 
rn.andard  length  of  such   downspouts  is 

a-     7  feet.  c.     10  feet. 


J3-     (619)     In  a  gutter  system,  downspout  elbows  are  used  to 

a.  make  offsets  and  turns. 

b.  only  to  create  shoes. 

o.     join  two  or  more  downspouts. 

d.     make  offsets  and  reduce  the  downspout  jize. 

3^.     (6?.0)     While  installing  a  !iew  gutter,   what   i,s  ci-.ed   to  seal  the 
si ip  joint? 

a.     Solder.  c.     A  d.  ^^^  sealaiit 

h  .     K-i  M  tic.  d  .     A  c a  I V.  i  ng  t^omp ou nd  . 


b. 


8  feet. 


12  feet. 
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(6P1)     A  small  hole  in  a  gutter^  can  be  repaired  by 


'i.  .soldfiring  the  hole. 

h,  i n:it.al  1  ing  a  menal  .^crew  in  the  holo. 

o.  foroirif^  ma<^t  Lo  into  the  hole. 

d,  oovering  the  hole  with  a  presnurr^.  sr^n.^^tlve  tapo. 

(62?)  Before  making  a  sharp  bend  in  a  gijtter  on  a  cornice  bralc 
yon  should  adjust  the 

a.  bend  stop  to  90  degrees, 

b.  back  stop  for  uniform  bends. 

c.  bend  stop  for  the  proper  radius, 

d.  setback  to  1   1/2  to  2  times  the  thickness  of  the  metal, 
(623)     The  lap  seam  flanges  of  the  offset  downspouts  are  placed 

a.  inside  in  the  direction  of  water  flow. 

b.  Inside  against  the  direction  of  water  flow, 
o.     outside  in  the  direction  of  water  flow. 

d.     outside  against  the  direction  of  water  flow. 

(623)    To  make  a  downspout  shoe,  both  notches  should  be  cut 

a.  in  the  direction  of  water  flow. 

b.  on  each  side  of  the  downspout. 

c.  on  the  back  side  of  the  downspout. 

d.  on  the  front  side  of  the  downspout. 

(52U)  After  you  have  replaced  a  section  of  gutter,  you  should 

a.  pour  water  in  the  gutter  to  check  the  drainage. 

b.  fill  with  water  to  check  for  hanger  strength. 

c.  raise  the  hangers  to  ensure  they  are  securely  attached. 

d.  check  the  level  with  a  chalk  string. 

(625)  What  precaution  roust  you  take  when  using  a  single  ladder 
without  a  non-skid  base? 

n.     Apply  non-.slip  tape  to  the  base  of  the  ladder. 

h.     Tlo  th»^  ladder  base  rigidly  to  the  building  w1t.h  a  hemp  ropf 

Placet  Mafoty  hooks  at  the  top  of-  the  ladder, 
d.     Affix  a  non-Mlip  tape  to  each  rui.g  of  thr^  ladder. 

(626)  How  far  should  the  base  of  a  28  foot  straight  ladder  be 
from  the  foundation  of  a  building? 

a.  2  feet.  c.     5  feet. 

b.  3  feet.  d.     !  feet. 
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(6r*7)  Which  of  cne  following  stateriert  >  regarding  ladaer  safety 
ir>  incorreel  ? 

a.  Face  the  lander  when  ascending  or  descending. 

b.  Lock  or  secure  the  doors  obstructed  by  your  ladder* 

c.  Stand  no  liigher  than  thv;  nocond  rung  from  the  top. 

d.  Never  leave  a  ladder  unattenced  for  any  length  or  time. 

(628)     How  should  a  ladder  be  carried? 

a.  At  arm's  length  over  your  head. 

1>.     Vf^rt.  ically ,  with  your  arm.s  through  the  rungs. 

No  ^nKher  than  wai^t  level   to  avoid  any  back  strain. 
.     Over  the  shoulder,  with  the  front  end  being  elevated. 

(628)  How  should  a  ladder  be  stored? 

a-     Oiitdoors  and  hung  at  a  diagonal  angle. 

b.  Vertically  from  three  hangers, 
o.     Horizontally  from  three  hangers, 
d.     In  a  hot  area  and  hung  vertically. 

(629)  What  is  the  minimum  number  of  boards  that  should  be  used 
to  form  a  platform  on  a  scaffold? 

a .     1  •  c .     3  • 


(6^0)     The  top  section  of  steel  scaffolding  must  always  have 

a .  a  guardrai 1 . 

b.  a  toe  board. 

o.     a  ffuardralJ   and  toe  board. 

(i.     footing  plates  and  leveling  jacks. 

(630)  How  can  a  sectional  steel  scaffold  on  a  solid   floor  be 
prevented  from  r  ving? 

a.  By  lockin  the  V-braces. 

b.  Through  the  use  of  locking  casters. 

c.  With  locking  levers  on  the  leg  adjustments. 

d.  By  tying  both  the  top  and  bottom  sections  together  with  a 
nylon  cord. 

(631)  Which  of  the  following  is  not  a  precaution  which  should 
be  taken  prior  to  using  a  s<;affold  horse? 

a.  Provide  adequate  support   for  the  base  plates, 

h.  .Set  the  horses  on  a   firm,   even  footing. 

c> .  Plane  boards  close  togetht^r. 

d.  Jump  dh  .Moaffold  boards. 


b. 
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(631)  What  is  the  maximum  di  .-•^tributoc?  ioaa  pe^^f^i^.ted  or^.  t-.iie 
platform  of  a  stairway  scaffolJ? 


SO. 


a.  P'jO  pound.*^:  pi->r-  or^ew  mr-mber  and  equipment.. 

b.  ?50  poundr.  per  crew  membor,    l^^ns  eonipmont. 

c.  7*30  pounds;  total  crew  and  equipment  weight.. 

d.  1000  pounds  total  crew  and  equipment  weight. 

When  lifting  a  heavy,   small,   objeot,   what  .shjould  your 
starting  position  be? 

a.  The  squatting  position.  c.     The  crouching  posi^,ion. 

b.  The  kneeling  position.  d.     The  straddling  position. 

^^1  -     (633)     Which  of  the  following  descrjbes  a  left  hand  door? 

a.  It  swings  away  from  you  as  you  face  it   from  the  inside,  with 
the  hinges  being  on  the  right. 

b.  It  swings  toward  you  as  you  face  it  from  inside  with  the  hinges 
being  on  the  left. 

c.  It  swings  toward  you  as  you  face  it  from  the  outside  and  the 
hinges  are  on  the  left. 

d.  It  swings  away  from  you  as  you  face  it   from  the  outside  and 
the  hinges  are  on  the  left. 

(63^0     Which  of  the  following  indicates  a  hinge-bound  door? 

a.     rt   i.s  dlffloiiit  to  open  and  it.  hlnd.s   in  l.h»-  .lamb, 
h.     Tt   I.M  dlffifMjlt  to  olo^pt  and   it  nprJngti  open, 

v^.     Thore  is  excGs:^Uve  space  at  the?  top  of  the  Jamb. 

d.  There  is  excessive  space  at  the  striker  plate  and   it.  will 
not  stay  open . 

53*     (63^)     Which  tap  should  be  used  to  cut  threads  to  the  bottom 
of  a  blind  hole? 

a.  Starting.  c.  Plug. 

b.  Taper.  d.  Bottom. 

5U .     (635)     How  are  rollup  doors  counterbalanced? 

a.  Extension  springs  on  cables  are  attached  to  the  bottom  of 
the  door. 

b.  Extension  springs  are  used  on  the  central  shaft. 

e.  Torsion  springs  are  used  on  the  control  shaft  or  in  the  tube, 
d.     Torsion  springs  are  attar^hed  to  (\ables  that  r-earh  to  the  bottom 

of  the  door. 
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Why  arv    ^he  hAngt^a  dirj:'et>^^i.  between  ^aoh  pnnei  of  an 
o7«»r'yiOHd  door? 

:j  .     To  give  clearance  a'^  ♦•iie  top        th»^  door- 

b.  To  give  clearance  at  tl bo^,|.^ni  of  ^no  door, 

c.  To  compensate  for  the  ofrse t 't^^*^^'  at  tn^^  top, 

d.  To  compensate  for  the  offset  t^Bck  at  tne  bottom, 

(635)     WViat  shoiild  be  used  to  ^h^J^K   ^^^^  gear  on  sprocket  alignment 

a.  A  plumb  bob,  A  tape  (Treasure  • 

b.  A  straight  edge.  Divider^ • 

(537)     When  a  hanger  door  repeat^a^V  ^omes  off  track,  what  steps 
should  you  ta^e? 

a.  Put  the  door  back  on  the  tr^^yc  and  identify  the  cause. 

b.  Put  the  door  back  on  the   l^^^y,  a^^j  adjust  the  brakes. 

Put  the  door  back  on  the  tr^^|<  and  adjust  the  limit  switched . 
d.     Adjust  the  wheel  gears  and  p^jt  ^-^^  door  back  on  the  track. 

(638)     Tho  mo.st  common  problem  y^^t^  f^oiUng  gates  Involves  the 

a.  sliding  collars.  ^^lls. 

b.  rollers.  Sates. 
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Preface 


VOLUME  5  of  CDC  55252.  Metal  Fabricating  Specialist,  is  designed  to  provide  you 
with  a  knowledge  of  oxyacetylene  welding.  Take  a  little  time  to  study  the  table  of 
contents  page  and  to  leaf  through  the  pages  of  each  chapter  and  look  at  some  of  the 
objectives.  This  give  you  an  idea  of  the  scope  of  this  volume  and  an  insight  into  the 
organization  of  the  material. 

Directed  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this 
volume  to  the  course  author:  Tech  Tng  CenyTTOXC.  ATTN:  MSgt  Arnold  D.  Ringstad 

An?nvoK^^LI?-,o^^^''-  "^^'^  ^"  immediate  response,  call  the  author.' 

AUTOVON  736-2879,  between  0800  and  1600  (CST),  Monday  through  Friday  (NOTE- 
Do  not  use  the  suggestion  program  to  submit  changes  or  corrections  for  this  course.) 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer' 
training  officer,  or  NCO.  as  appropriate.  If  this  agent  can't  answer  your  questions,  send 
them  to  ECI.  Gunter  AFS  AL  361 18.  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  15  hours  (5  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  November 
1982. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  Is  developed  by  a  series  of  Learning  Objectives.  Each  of  these 
carries  a  7-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that  follows  the 
o!)jective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following  the  information  give 
you  a  check  on  your  achievement.  When  you  complete  them,  see  whether  your  answers  match  tLose  in  the 
back  of  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text. 


Oxyacetylene  Welding  Equipment 


OXYACETYLENE  welding  includes  several 
processes  in  which  metal  parts  are  joined  together.  In 
this  volume,  we  will  discuss  some  of  these  processes. 
However,  before  we  can  discuss  the  various 
oxyacetylene  operations,  you  should  acquaint  yourself 
with  the  equipment  you  will  be  required  to  use  and  its 
operation. 

In  this  chapter,  we  will  discuss  assembling  the 
equipment,  testing  the  equipment  for  leaks, 
troubleshooting  equipment  malfunctior.s,  operating 
the  equipment,  closing  down  the  equipment,  and 
disassembling  the  equipment. 

In  the  first  four  volumes  of  this  CDC,  we  made 
reference  to  sheet  metal  in  our  discussion  both  of 
working  and  equipment,  mainly  because  that  portion  of 
the  work  deals  with  thin  metal  sheets.  Now  we  are 
starting  in  to  the  hands-on  portion  dealing  with  heavy 
metal — that  is,  metal  too  heavy  to  form  in  the  brake  or 
Pittsburg  machine. 

Earlier  you  learned  how  metals  are  refined  and 
alloyed.  Now  we  will  discuss  ways  of  using  heat  to 
connect  metal  pieces  along  w  ith  some  of  the  eq  uipment 
used.  Since  the  world  knows  and  xi;:ntiries  people  in 
this  trade  (welders),  we  will  use  the  terms  welder, 
welding  machine,  welding  equipment,  and  so  forth. 

1-1.  Oxyacetylene  Welding  Equipment 

A  welder  (metal  fabricating  specialist)  must  know 
the  correct  procedure  for  setting  up  and  operating  both 
station  and  portable  oxyacetylene  welding  equipment. 
Air  Force  shops  make  extensive  use  of  both  types  of 
equipment. 

800.  Differentiate  between  stationary  and  portable 
welding  outfits. 


and  equipped  with  master  regulators  to  control  the 
pressure  and  flow  of  the  gases  (see  fig.  1-1).  The  gases 
are  then  supplied  to  the  welding  area  through  pipelines 
equipped  with  station  outlets,  as  shown  in  figure  1-2. 

Thestationary  oxyacetylene  welding  equipment  (fig. 
1-2)  consists  of  single-stage  acetylene  and  oxygen 
regulators  attached  to  the  gas  distribution  pipelines,  a 
welding  torch  with  a  set  of  tips,  llVz  to  15  feet  of 
acetylene  and  oxygen  hose,  and  fittings  for  attaching 
the  hose  to  the  regulators  and  torch.  You  will  need  a 
torch  wrench,  safety  flint  igniter,  and  welding  goggles. 

The  portable  welding  outfit,  (see  fig.  1-3,  consists  of  a 
cart,  a  fire  extinguisher,  oxygen  and  acetylene  gas 
cylinders,  oxygen  and  acetylene  pressure  regulators 
complete  with  gages  and  connections,  two  lengths  of 
hose  with  adapter  connections  for  the  regulators  and 
torch,  a  torch  wrench,  a  safety  flint  igniter,  and  welding 
goggle.  If  you  damage  any  part  of  the  basic  equipment, 
the  whole  outfit  will  be  out  of  commission  until  the 
damaged  pan  is  replaced  or  repaired. 

Both  the  stationary  and  portable  outfits  are 
assemble  in  much  the  same  manner.  We  will  discuss 
assembly  procedure  after  we  ^  Ik  ;.*^out  the  uses  of  the 
parts  of  an  oxyacetylene  ou.iii. 

Exercises  (800): 

1    How  Joes  the  gas  supplv   for  stationary  and 
portable  welding  outfits  vary? 


2.  The  use  of  the  stationary  outfit  s  confined  to  what 
area  within  the  shop? 


Stationary  and  Portable  Welding  Outfits. 
Stationary  and  portable  welding  equipment  are 
basically  the  same.  Stationary  oxyacetylene  welding 
equipment  is  installed  when  welding  operations  are 
conducted  in  a  fixed  location.  This  arrangement  is 
most  effective  for  production  Ime  work.  Oxygen  and 
acetylene  are  supplied  to  the  welding  are  from  a 
number  of  cylinders  manifolded  or  connected  together 


3.  How  long  must  a  whole  welding  outfit  be  out  of 
commission  if  you  damage  jtist  one  part  of  it? 
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OUTLET  TO  DISTRIBUTING  LINE 


SHUT. OFF  VALVES 


Figure  I  !.  Oxygen  manifold. 


801,  Specify  the  uses  of  the  various  parts  of  the 
oxyacetylene  outfit. 

Cylinc.ers.  The  acetylene  c  ider  is  designed  to  store 
acetylene  under  r»ressur;^  up  250  pounds  per  square 
inch  (psi).  The  cylindei  is  made  of  welded  or  brazed 
steel  and  is  niied  with  acetone  to  40  percent  of  its  liquid 
volume.  This  allows  space  for  expansion  as  the  acetone 
absorbs  the  acetylene  to  stabilize  it  under  pressure. 

The  cylinder  is  equipped  with  a  cylinder  valve  and  a 
protective  cap.  As  a  safety  factor,  the  valve  has 
left-hand  threads  to  prevent  an  improper  connection. 
Another  safety  factor  is  the  safety  plugs  for  releasing 
the  gas  if  the  cylinder  is  overheated.  These  plugs  melt 
between  212^  F.  and  220°  F.  and  are  small  enough  to 
keep  the  gas  from  burning  back  into  the  cylinder.  All 
acetylene  cylinders  are  yellow  and  must  be  stored 
upright  to  prevent  the  escape  of  the  acetone. 

The  oxygen  cylinder  is  made  of  seamless  steel  and 
contains  oxygen  at  a  pressure  of  up  to  2,000  psi.  The 
container  is  green  and  is  equipped  with  a  safety  cap  to 
protect  the  valve.  The  valve  has  a  bursting  disc  for  re- 
leasing pressure  increase  caused  by  heat.  It  is 
right-hand-threaded  to  prevent  its  being  confused  with 


the  acetylene  connections.  The  great  amount  of  pressure 
in  an  oxygen  cylinder  makes  it  a  potential  missile  if  the 
valve  is  broke  off  or  the  tank  is  pierced. 

Storing  cylinders.  Both  oxygen  and  acetylene 
cylinders  are  stored  in  accordance  with  ^ir  Force 
regulations.  Here  are  a  few  rules  to  foUov,  br  storing 
cylinders: 

a.  Keep  oxygen  cylinders  away  from  oii  and  grease. 
Mixture  of  oxygen  under  pressure  with  oil  or  grease 
may  cause  an  explosion. 

b.  Do  not  drop  cylinders  or  handle  them  roughly. 

c.  Store  cylinders  in  a  cool,  dry,  well  ventilated 
building. 

d.  Store  oxygen  and  acetylene  cylinders  in  an 
upright  secured  position  and  separated  from  each 
other  v;hether  they  are  full  or  empty. 

e.  When  the  cylinders  are  exhausted,  replace  the 
safe  cap  and  mark  the  cylinder  with  the  letters  "MT." 

Regulators.  The  regulators,  or  reducing  valves,  are 
mechanical  devices  that  reduce  the  high  pressure  of  the 
gases  as  they  flow  from  the  cylinders.  Single-stage 
regulators  reduce  the  pressure  of  the  gases  from  cylinder 
pressure  to  working  pressure  in  one  step  (stage).  Two- 
staee  regulators  (fig.  1-4)  do  it  in  two  steps. 
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Figure  1-2.  Stationary  equipment. 


Hoses.  Hoses  take  the  gases  at  working  pressure 
from  the  regulators  to  the  torch  needle  valves.  The 
oxygen  hose  is  always  green  or  black,  and  the  acetylene 
hose  is  always  red  or  maroon. 

Oxyacetylene  Torch.  Figure  1-5  is  a  cutaway 
illustration  of  an  oxyacetylene  torch.  The  gases  flow 
from  the  hoses  through  the  open  needle  valves  and 
through  their  respective  tubes  to  the  mixing  head.  The 
gases  combine  in  the  mixing  liead  and  flow  forward 
through  the  tip  to  produce  a  flame. 

Torch  Tip.  The  torch  tip  mixes  the  gases  and  directs 
their  flow  so  that  the  flame  can  be  controlled. 

Torch  Wrenches.  Torch  wrenches  are  designed  for 
use  with  an  oxyacetylene  outfit,  and  the  slot  or  hole  is 
of  the  correct  size  to  tighten  all  connections. 

Safety  Equipment.  The  welding  goggles,  flashback 
arrester,  and  fire  extinguisher  are  all  safety  equipment 
used  with  the  oxyacetylene  outfit.  This  equipment  is 
designed  to  protect  the  operator  from  injur>'  and  to 
prevent  damage  to  property. 

Exercises  (801): 

1.  Which  regulator  reduces  cylinder  pressure  directly 
to  working  pressure? 
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Figure  1  3.  Portable  equipmment. 
2.  What  are  red  hoses  used  for? 


3.  List  the  safety  equipment  used  with  an  oxyacetylene 
outfit. 


4.  Where  do  the  gases  combine  in  the  oxyacetylene 
outfit? 
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Figure  14.  Regulator. 
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Figure  1-5.  Oxyacetylene  torch. 
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5.  Describe  the  significant  feature  of  the  torch  wrench. 


6.  Why    should    you    store    acetylene  cylinders 
vertically? 


oxygen  hose  to  the  oxygen  regulator  outlet  (right-hand 
threads).  Screw  the  nuts  tightly  with  the  torch  wrench, 
as  shown  in  figure  1-8.  Release  the  regulator-adjusting 
screws  by  turning  them  counterclockwise  until  they  are 
loose.  Open  both  the  acetylene  and  the  oxygen  cylinder 
valves  slowly  one-fourth  to  one-half  turn;  then  turn  the 
oxygen  valve  to  full  open.  {Do  not  open  the  acetylene 


7.  What  must  be  done  to  a  cylinder  after  it  has  been 
emptied  and  removed  from  the  manifold? 


8.  Why  must  you  handle  oxygen  cylinders  carefully? 


9.  How  is  acetylene  stored  under  pressure  in  cylinders? 


802.  Identify  important  procedures  in  assembling 
oxyacetylene  welding  equipment. 

Assembling  Portable  Equipment.  To  assemble 
portable  equipment,  place  the  acetylene  and  oxygen 
cylinders  on  the  cart,  secure  them,  and  remove  the 
cylinder  valve  protective  caps.  Open  (crack)  each 
cylinder  valve  slightly  for  an  instant  to  blow  out  any 
dirt  lodged  in  the  outlet  nipple  (see  fig.  1-6).  Attach  the 
two-stage  regulators  to  their  respective  cylinders  and 
tighten  the  union  nut  with  the  torch  wrench,  as  shown 
in  figure  1-7. 

Attach  the  red  acetylene  hose  to  thj  acetylene 
regulator  outlet  (left-hand  threads).  Attach  the  green 
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Figure  1-6.  Cracking  a  valve. 
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Figure  !-7.  Tightening  the  union  nut. 

valve  more  than  one-half  turn.)  Never  open  cylinder 
valves  before  you  release  the  regulator  adjusting  screws 
(Hg.  1-9).  Read  the  high-pressure  gages  to  check  the 
pressure  of  each  cylinder.  Open  each  regulator  by 
turning  the  adjusting  screw  clockwise.  Blow  out  the 
hoses  one  at  a  time,  shown  in  figure  1-10.  After  blowing 
out  the  hoses,  release  the  adjusting  screws.  Connect  the 
hoses  to  the  torch:  the  red  hose  to  the  gland  marked 
"AC"  with  left-hand  threads,  and  the  green  hose  to  the 
gland  marked  "OX"  with  right-hand  threads.  Refer  to 
figure  1-11. 

Select  the  torch  tip  and  attach  it  to  the  torch.  Tighten 
the  tip  moderately.  Now  the  outfit  is  totally  assembled 
and  ready  for  operation. 

Assembling  Stationary  Equipment.  The  stationary 
equipment  is  connected  in  the  same  way  as  the  portable 
equipment  with  the  exception  of  the  regulators. 
Single-stag  regulators  are  used  for  a  stationary  outfit 
because  the  cylinder  pressure  has  already  been  reduced 
to  line  pressure  After  connecting  these  regulators  to 


Figure  1-8.  Attaching  the  hose. 
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Figure  1-9.  Releasing  the  regulator. 


their  respective  gas  supply  pipes  at  the  weldingstation, 
follow  the  same  sequence  to  assemble  the  remainder  of 
the  equipment,  NOTE:  All  acetylene  connections  are 
left-handed  threads,  and  all  oxygen  connections  are 
right-handed  threads.  This  helps  to  prevent  wrong 
connections. 

Exercises  (802): 

1.  Why  should  cylinder  valves  be  cracked  before 
regulators  are  connected? 
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Figure  1~I0.  Blowing  out  a  hose. 


RIGHT-HAND  THREAD       GREEN  OXYGEN  HOSE 


Figure  I -11.  Connecting  the  hose  and  torch. 


2.  How  much  is  each  cylinder  valve  opened? 


3.  What  tool  is  used  to  tighten  all  connections  in 
assembling  outfits? 


4.  What  is  the  safety  feature  that  prevents  wrong 
connections  of  acetylene  hoses  and  oxygen  hoses? 


803.  Specify  procedures  for  lighting  the  oxyacetylenc 
torch  and  adjusting  the  flame. 

Before  you  can  operate  the  oxyacetylene  welding 
equipment,  you  must  adjust  the  regulators  for  the 
working  pressure  of  the  gases.  To  do  this,  first  open  the 
torch  acetylene  valve  and  adjust  the  regulator  for  the 
required  pressure;  then  close  the  torch  acetylene  valve. 
Adjust  the  oxygen  working  pressure  in  the  same  way. 
Now  you  are  ready  to  light  the  torch. 

Lighting  the  Torch.  To  light  the  welding  torch,  first 
open  only  the  acetylene  valve.  Strike  the  flint  igniter  in 
of  the  tip,  keeping  your  hand  at  one  side,  as  shown  in 
figure  1-12.  Hold  the  torch  so  that  theflame  is  directed 
away  from  the  cylinders  or  manifold,  the  hose,  any 
flammable  material,  and  yourself.  The  pure  acetylene 
flame  is  long  and  bushy  and  has  a  yellowish  color. 
Since  the  oxygen  valve  is  closed  at  this  point,  the 
acetylene  burns  in  combination  with  the  oxygen  in  the 
air.  This  is  not  tfficient  to  burn  the  acetvlr-^e 
completely,  anr^       iVa'  '   y,  prtv:1ucing  ot 

i*me  unbii  .i  bon.  1  i\c  pure  acetylene  flame  is 

unsuitable  1  -Iding. 

When  you  o^l.l  ihe  oxygen  valve,  the  flame  shortens 
and  the  mixed  gases  burn  in  contact  with  the  tip  face. 
The  flame  changes  to  a  bluish-white  and  forms  a  bright 
inner  cone  surrounded  by  an  outer  envelope.  The  inner 
cone  develop  the  high  temperature  needed  for  weldmg. 
The  outer  envelope  contains  varying  amounts  ol 
incandescent  carbon  soot,  depending  upon  the 
proportion  of  oxygen  to  acetylene.  To  adjust  the  torch 
for  a  neutral  flame,  open  the  torch  oxygen  valve  slowly 
until  the  feather  at  the  end  of  the  central  cone 
disappears.  Three  distinct  flames  can  be  obtained  with 


the  oxyacetylenc  welding  outfit:  neutral,  reducing  or 
carburizing,  and  oxidizing. 

Exercises  (803): 

1.  Which  valve  do  you  open  first? 


2.  How  should  you  hold  the  torch? 


3.  How  should  you  hold  the  igniter? 


4.  V/hat  result  do  you  want  to  achieve  when  you  open 
the  second  valve? 


5.  Where  are  the  welding  temperatures  developed  in 
the  flame? 


804.  Distinguish  among  the  three  types  of 
oxyacetylene  welding  flames. 

Neutral  Flame.  There  are  two  clearly  defined  cones 
in  a  neutral  flame.  The  inner  cone  is  luminous  and 
bluish-white.  Around  this  cone  is  a  colorless  area 
surrounded  by  a  large  flame  envelope  or  sheath,  which 
is  faintly  luminous  and  has  a  light  bluish  tint,  as  shown 
in  figure  1-13.  The  neutral  flame  is  produced  by  a 
mixture  of  approximately  1  volume  of  oxygen  and  I 
volume  of  acetylene  supplied  from  the  torch.  The 
temperature  at  the  tip  of  the  inner  cone  is 
approximately  5850°  F. 

Reducing  or  Carburizing  Flame.  The  reducing  or 
carburizing  flame,  figure  1-14,  is  produced  by  slightly 
less  than  1  volume  of  acetylene.  To  obtain  this  flame, 
you  first  adjust  the  welding  flame  to  neutral  and  then 
open  the  acetylene  torch  valve  slightly  to  produce  a 
white  streamer  or  ^'feather''  of  acetylene  at  the  end  of 
th.^  innc    cone.  ca .      cot.ni/t  :Vte  reducing  or 

^  iu  LhL  picscnce  of  three  distinct 


^'igurc  1   12.  Lighting  the  torch. 
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Figure  1-13.  Neutral  flame. 


flame  cones:  the  clearly  defined,  intense  white,  central 
cone;  a  white  feather  or  intermediate  reducing  cone 
indicating  the  amount  of  excess  acetylene,  and  the  light 
orange  to  bluish  outer  flame  envelope.  The  flame  has  a 
temperature  of  approximately  5700°  F.  at  the  tip  of  the 
central  cone. 

Oxidizing  Flame.  The  oxidizing  flame,  figuure  1-15, 
is  produced  by  slightly  more  than  1  volume  of  oxygen 
mixed  with  1  volume  of  acetylene.  To  obtain  this  type 
of  flame,  adjust  the  torch  first  to  give  a  neutral  flame. 
Increase  the  flow  of  oxygen  by  opening  the  oxygen 
torch  valve.  This  flame  can  be  recognized  by  the  short, 
pointed  central  cone,  a  white  or  colorless  middle  cone, 
and  a  somewhat  shorter  outer  flame  envelope.  There  is 
a  distinct  hissing  sound.  This  flame  has  a  temperature 
of  approximately  6300°  F. 

Exercises  (804): 

1.  Compare  the  gas  volume  of  a  neutral  flame  to  that 
of  an  oxidizing  flame. 


2.  Give  the  type  and  temperature  of  the  hottest 
welding  flame. 


.^o     VHIT.E  CONE 

WHITE 


3.  The  central  white  feather  of  a  carburizing  flame  is 
produced  by  


4.  How  can  you  recognize  the  reducing  flame? 


805.  Give  reasons  for  some  regular  and  emergency 
close-down  procedures  for  welding  equipment. 

Stationary  Outfit.  To  close  down  a  stationary 
welding  outfit,  close  the  torch  acetylene  valve  and  then 
the  torch  oxygen  valve.  Turn  off  the  line  valves.  Open 
the  torch  acetylene  valve  until  the  regulator  gage  shows 
no  pressure;  then  close  this  valve.  Open  the  torch 
oxygen  valve  until  the  regulator  gage  shows  no 
pressure;  then  close  this  valve.  Shut  off  the  regulator  by 
turning  the  adjusting  screw  counterclockwise  (fig.  1-16 
These  actions  relieve  the  pressure  on  the  regulator 
diaphragm.  Next,  hang  up  the  hose  and  torch,  being 
careful  to  avoid  kinking  the  hose. 

Portable  Outfit.  When  you  are  closing  down  a 
portable  welding  outfit,  close  the  torch  a<.  v  i  •  --vt 
first  and  then  the  torch  oxygen  vab  uoth 
cylinder  va'Nos.  Open  the  rorch  valves  i  a  time 
i:-»v-ctylene  iirst)  and  bleed  the  regulators  lose  the 
torch  valves.  Turn  the  rec  aor-adjusting  screws 
counterclockwise  to   relieve    ihe   pressure  on  the 
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Figure  1-14.  Carburizing  flame. 
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Figure  I-!5.  Oxidizing  flame. 
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diaphragm.  Hang  the  torch  and  hose  up  properly  to 
prevent  kinking  the  hose  or  damaging  the  torch  Be 
careful  not  to  damage  the  tip  by  letting  it  hit  the 
cylinder  or  cart. 

Emergency  Closing  Down-  If  you  must  close  down 
because  of  an  emergency,  ALWAYS  shut  off  the 
acetylene  torch  valve  FIRST,  then  the  acetylene 
cylinder  valve.  The  emergency  shutdown  of  equipment 
may  be  necessary  because  of  a  flishback.  A  flashback 
is  the  burning  of  gas  inside  the  torch  and  i^  indicated  by 
a  high  pitched  whistle.  It  can  burn  all  the  way  back  to 
the  cylinder  if  it  is  not  stopped.  If  the  flashback  reaches 
the  cylinder,  the  cylinder  may  explode.  It  is  always 
dangerous  and  the  farther  back  ii  burns,  the  more  the 
equipment  is  damaged.  A  flashback  must  not  be 
confused  with  a  backfire.  A  backfire  is  merely  the 
popping  of  the  torch  caused  by  a  dirty  tip,  a  tip  size  that 
is  too  small,  the  tip  held  too  close  to  the  work,  or  too 
little  gas  pressure. 

Exercises  (805): 

I.  Why  should  the  acetylene  torch  valve  be  shut  off 
immediately  when  a  flashback  is  discovered? 


2.  Why  are  regulator-adjusting  screws  released  when 
the  equipment  is  closed  down? 


3.  When  you  are  bleeding  regulators,  which  valve 
must  you  always  open  and  shut  first? 


4.  What  is  a  flashback?  What  noise  characterizes  a 
flashback? 


806.  Point  out  significant  steps  in  the  disassembly  of 
welding  equipment. 

When  it  is  necessary  to  disassemble  a  welding  outfit, 
use  a  procedure  that  is  the  exact  opposite  of  assembly. 
Use  the  following  checklist  to  disassemble  a  welding 
outfit: 

(1)  Be  sure  the  gas  supply  is  shut  off. 

(2)  Bleed  the  regulators. 

(3)  Remove  the  torch  tip. 

(4)  Disconnect  the  hoses  from  the  torch. 

(5)  Disconnect  the  hoses  from  the  regulators. 

(6)  Disconnect  the  regulator  from  the  cylinder  or 
manifold  line. 

(7)  Replace  the  cylinder  valve  safety  cap  or  line 
protective  nuts. 

When  you  are  disassembling  an  outfit,  use  the  torcl 
wrench  to  prevent  rounding  the  corners  on  the 
connecting  nuts.  Also  handle  the  tips,  torches,  and 
regulators  careful  to  prevent  damage. 

Exercises 

1.  What  is  the  first  thing  to  do  in  disassembling  a 
welding  outfit? 


Figure  1-16.  Releasing  regulator  pressure. 
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2.  After  disconnecting  the  regulator  from  the  cylinder, 
you  must  


807.  Specify  the  procedure  for  testing  welding 
apparatus  for  gas  leaks. 

Before  any  welding  outfit  is  put  into  use,  it  should  be 
throughly  checked  for  gas  leaks.  The  testing  of  the 
apparatus  is  a  very  simple  but  important  task.  It  can  be 
done  with  a  container  of  soapy  water,  a  small  paint 
brush  or  acid  brush,  and  a  bucket  of  clear  water. 

After  the  apparatus  has  been  assembled  and 
adjusted  to  a  working  pressure,  test  all  the  connections 
with  the  soapy  water  and  the  brush.  Wherever  bubbles 
form,  there  is  a  leak.  The  connections  that  should  be 
checked  are  shown  in  figure  1-17.  Test  all  the  hoses  (K) 
by  submerging  them  in  a  bucket  of  clear  water.  A  leak 
will  be  indicated  by  a  string  of  bubbles. 

Exercises  (807): 

1.  What  equipment  do  you  use  for  testing  a  welding 
outfit  for  leaks? 


2.  How  can  you  find  a  leak  in  welding  equipment? 
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A.  Oxygen  cylinder  valve  packing  nut. 
3.    Oxygen  cylinder  regulator  connection. 

C.  Oxygen  regulator  hose  connection. 

D.  Oxygen  hose  torch  connection. 

E.  Torch  oxygen  needle  valve  nut: 

F.  Acetylene  cylinder  valve  packing  nut. 

G.  Acetylene  cylinder  regulator  connection. 

H.  Acetylene  regulator  hose  connection. 

I.  Acetylene  hose  torch  connection. 
J.  Torch  acetylene  needle  valve  nut. 
K.  Hoses. 

Figure  1-17.  Checkpoints  for  leaks. 
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Figure  1-18.  Cutaway  of  a  pressure  regulatcr. 
3.  How  many  connections  should  you  test? 


4.  How  do  you  test  the  hoses? 


808.  State  procedures  for  stopping  leaks  in  welding 
equipment. 

Leaking  Regulators.  The  primary  problem  with 
regulators  is  gas  leakage  between  the  regulator  seat  and 
the  nozzle  (see  fig.  1-18).  You  can  detect  it  by  observing 
a  gradual  pressure  rise  on  the  working  pressure  gage 
after  the  cylinder  or  manifold  valve  is  opened.  This  is 
known  as  a  "creeping  regulator"  and  is  caused  by  worn 
or  cracked  seats  or  by  dirt  particles  lodged  between  the 
seat  and  the  nozzle.  A  leaking  regulator  should  be 
replaced  by  a  good  one  and  sent  out  for  repair. 

Gages.  Problems  with  a  gage  are  usually  caused  by  a 
.  leaking  or  broken  bourdon  tube,  indicated  by 
fluctuating  gage  pressure  or  gas  leaking  from  the  gage 
case.  This  defect  develops  when  you  fail  to  release  the 
adjusting  screw  fully  before  opening  the  cylinder  valve. 
A  leaking  gage  tube  can  be  repaired  by  soldering.  More 
extensive  repairs  should  not  be  attempted  without  the 
special  equipment  required. 

Torches.  The  primar>'  causes  of  torch  trouble  are 
leaks  in  the  mixing  head  seat,  leaking  needle  valves, 
and  clogged  torch  tubes.  When  the  gas  continues  to 
flow  after  the  valve  is  closed,  you  know  the  needle  valve 
is  leaking.  This  condition  is  caused  by  a  worn  or  bent 
valve  stem,  a  damaged  valve  seat,  or  loose  packing 
around  the  needle  valve.  A  leak  in  the  mixing  head  seat 
allows  the  gases  to  escape,  and,  unless  you  correct  the 
trouble  immediately,  flashback  is  the  dangerous  result. 

You  can  repair  needle  valve  leaks  around  the  seat  by 
tightening  the  packing  gland  nut.  If  the  leak  is  in  the 
seat,  remove  the  needle  valve  with  a  wrench  and  clean  it 
(fig.  1-19).  If  it  is  worn  or  pitted,  replace  it  with  a  new 
one.  If  the  valve  seat  is  scored,  pitted,  or  otherwise 
damaged,  the  torch  should  b'^  returned  to  the 
manufacturer  for  repair. 


Leaking  mixing  head  seats  should  be  removed  and 
cleaned.  If  the  seats  are  damaged,  the  torch  should  be 
returned  to  the  manufacturer  for  repair. 

Clean  clogged  torch  tubes  by  removing  the  hoses 
and  mixing  head  and  by  blowing  out  each  tube  with  20 
to  30  pounds  of  oxygen  pressure. 

Hoses.  Check  the  welding  hose  at  regular  intervals 
for  leaks,  worn  spots,  and  loose  connections.  You  can 
find  leaks  in  the  hose  by  immersing  it  in  clean  water 
under  pressure.  Since  worn  or  leaking  hoses  are 
dangerous  and  wasteful,  they  should  be  repaired  or 
replaced  immediately. 

Repair  leaks  in  the  hose  by  removing  the  damaged 
section  and  inserting  a  hose  splice,  as  illustrated  in 
figure  1-20. 

Note:  Do  not  (by  way  of  shortcut  or  for  other 
reasons)  put  a  piece  of  copper  tubing  in  place  of  brass 
hose  splice.  Why?  When  copper  and  acetylene  are 
placed  together,  they  form  copper  acetylide,  an 
unstable  compound  that  will  disassociate  violently 
(EXPLODE)  at  the  slightest  shock.  In  short,  do  not 
use  copper  with  acetylene. 

Repair  hoses  leaking  at  the  regulator  or  torch 
connect  by  cutting  off  1  or  2  inches  of  hose  and 
replacing  the  connections. 


809.  Give  reasons  for  specific  procedures  in  the 
repair  of  welding  and  cutting  torch  tips. 

Welding  and  cutting  torch  tips  cannot  function 
properly  if  they  are  dirty  or  improperly  cared  for. 
There  are  two  major  malfunctions  of  both  weldingand 
cutting  tips:  accumulating  dirt  and  leaking  gas. 

Dirty  Tips.  Tips  require  frequent  cleaning  because 
small  particles  of  metal  and  oxide  collect  on  the  tip  and 
in  the  orifice.  Use  a  soft  wire  or  drill-type  tip  cleaner  to 
clean  the  tip.  The  tip  cleaner  should  be  approximately 
one  size  smaller  than  the  tip  orifice  to  prevent  enlarging 
the  orifice  during  cleaning.  There  are  two  correct  ways 
of  using  a  tip  cleaner.  One  method  is  to  remove  the  tip 
from  the  torch  and  insert  the  cleaner  from  the  threaded 
end,  as  shown  in  figure  1-21.  The  other  method  is  to 
open  the  oxygen  valve  and  insert  the  tip  cleaner,  as 
shown  in  figure  1-22.  Whichever  method  you  Use,  you 
must  always  use  a  straight  back-and-forth  motion  to 
prevent  enlarging  the  orifice.  If  a  tip  orifice  becomes 
scored,  out-of-round,  or  enlarged,  the  tip  should  be 
replaced.  Remember  that  too  much  cleaning  will 
eventually  enlarge  the  orifice  anyway. 

Slag  accumulation  (fig.  1-23)  is  a  greater  problem  on 
cutting  tips  than  on  welding  tips.  To  remove  slag  from 
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Figure  1-20.  Hose  splice  and  clamps.  ^  ^ 
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Figure  1-22.  Cleaning  a  lip  on  the  torch. 


cloth  placed  on  a  file,  as  shown  in  figure  1-24.  Open  the 
oxygen  valve  to  blow  out  the  slag  and  dirt  when  you 
have  loosened  it.  When  you  use  this  method,  be  very 
careful  not  to  remove  too  much  of  the  tip.  If  you  do 
this,  you  will  enlarge  all  the  orifices  because  of  their 
original  ;aper. 

In  addition  to  cleaning  the  slag  from  the  tip  face,  you 
must  remove  the  flag  from  the  tipsides.  Dressing  the  tip 
(fig.  1-25)  removes  the  slagfrom  the  sides.  A  sharp  edge 
must  be  maintained  at  the  meeting  of  the  face  and  sides 
to  prevent  distorting  the  flame.  Distorting  welding  and 
cutting  tips  causes  uneven  preheating  and  creates 
problems  in  making  a  weld  or  cut. 

Gas  Leakage.  Gas  leakage  around  a  tip  usually 
indicates  a  nick  or  flat  spot  in  the  tip  scat.  If  this  is  the 
case,  the  tip  should  be  discarded.  Always  check  for  bad 
torch  seats  as  well.  Gas  leakage  around  the  tip  is  very 
dangerous  because  it  can  cause  a  flashback.  Correct  it 
immediately. 

Exercises  (809): 

1.  If  a  number  1  tip  is  smaller  than  a  number  2,  which 
tip  cleaner  should  you  use  to  clean  a  number  2  tip? 
Why? 
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Figure  1-23.  Slag  on  a  tip. 
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Figure  1-24.  Cleaning  the  tip  face. 

2.  Why  should  you  use  a  straight  back-and-forth 
movement  when  cleaning  a  tip? 


3.  Can  a  tip  be  ruined  by  too  much  cleaning?  Why? 


4.  What  must  you  do  if  you  notice  gas  leakage  around 
the  tip?  Why? 


5.  When  you  are  dressing  the  tip,  why  must  you 
maintain  a  sharp  edge  where  the  face  and  sides  of 
the  tip  meet? 


FACE 


Figure  1-25.  Dressing  a  tip. 
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CHAPTER  2 


Welding  Carbon  Steel  a 

Resistant 

WELDING  PROCEDURES  and  qualifications  in 
today's  nuclear  and  space  age  involve  more  than  just 
meeting  ductility  and  strength  requirements  and  the 
tensile  tests  prescribed  by  existing  standards  and 
codes.  Other  factors  that  musi  be  considered  are 
operating  temperatures  and  pressure  ranges  which 
have  greatly  increased.  In  order  lo  meet  the  more 
critical  service  requirements  and  conditions  today,  new 
metals  and  alloys  are  being  produced.  To  join  these 
metals  and  alloys  properly,  new  welding  methods  are 
being  developed  and  present  methods  are  being 
improved. 

Although  there  are  new  methods  of  welding,  such  as 
ultrasonic  welding,  electron  beam  welding,  resistance 
welding  and  inert  gas  welding,  you  will  find  that 
oxyacetylene  welding  is  still  done.  In  some  respects,  the 
oxyacetylene  welding  of  heat-  and  corrosion-resistant 
ferrous  alloys  (stainless  steels)  is  a  continuation  of 
welding  carbon  steels.  There  are  many  similarities  in 
the  two  processes.  In  this  chapter,  we  will  discuss  these 
similarities,  along  with  certain  differences.  However, 
first  you  must  know  a  little  something  about  the  metal 
you  are  going  to  work  with. 

2-1.  Types  and  Uses  of  Carbon  Steel 

The  weldability  of  a  carbon  steel  depends  to  a  great 
extent  upon  its  carbon  content  which  varies  from  0.04 
to  1.70  percent.  In  general,  weldability  becomes  poorer 
as  the  carbon  content  increases  because  of  the 
hardening  effect  of  carbon.  In  high  carbon  steels,  a 
hard,  brittle  zone  forms  in  the  fusion  area,  caused  by 
the  rapid  cooling  of  the  molten  metal. 

810.  List  the  types  of  carbon  steel  and  give  some  of 
their  properties. 

Low  Carbon  Steels.  These  are  normally  steels  that 
contain  up  to  0.30  percent  carbon.  They  are  soft  and 
ductile  and  can  be  rolled,  punched,  sheared,  and 
worked,  either  hot  or  cold.  They  are  easy  to  weld  by 
any  method,  and  they  harden  very  little  when  cooled 
suddenly  from  a  high  temperature.  Low  carbon  steels 
are  widely  used  in  industry  because  they  are  easy  to 
work,  relatively  low  in  cost,  and  obtainable  in  bar, 
sheet,  and  tubular  form.  Low  carbon  steels  are  used  for 
aircraft  parts  that  do  not  require  high  strength.  They 
are  used  extensively  for  ground  installation  parts,  such 
as  jigs,  stands  and  structures.  These  steels  are  also 
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nd  Heat-  and  Corrosion- 
Ferrous  Alloys 

commonly  used  in  stamp  drawing,  and  case-hardening 
applications. 

Medium  Carbon  Steels.  These  are  nonalloy  steels 
with  a  carbon  content  ranging  from  0.30  to  0.45 
percent.  Because  they  have  enough  carbon,  their 
mechanical  properties  can  be  improved  by  heat 
treating.  You  can  weld  medium-carbon  steels 
satisfactorily  by  several  methods,  but  you  must  control 
the  flame  and  heat  more  carefully  than  for  the 
low-carbon  steels.  During  welding  the  weld  zone 
hardens  if  it  is  cooled  rapidly,  and  it  must  be 
stress-relieved  after  welding.  These  steels  are  used  for 
general  machinery  and  forging  applications  in  which 
strength  and  hardness  are  required.  The  steels  can  be 
obtained  in  bar  sheet,  and  tubular  form. 

High  Carbon  Steels.  These  nonalloy  steels  contain 
0.45  to  0.90  percent  carbon.  They  are  more  difficult  to 
weld  than  the  low  and  medium  carbon  steels  because  of 
their  high  carbon  content  and  the  heat  treatment 
needed  to  develop  special  mechanical  properties.  The 
heat  of  the  welding  changes  these  properties  in  the 
vicinity  of  the  welded  joint  Heat  treatment  after 
welding  is,  therefore,  necessary  to  restore  the  original 
properties  of  the  welded  parts.  You  should 
stress-relieve  these  steels  by  heating  them  uniformly  to 
a  temperature  between  1,200^  F.  and  1,450°  F.  and 
cooling  them  slowly.  High  carbon  steels  are  used  for 
drills,  taps,  dies,  springs,  and  other  hand  and  machine 
tools  that  are  heat  treated  for  high  strength  and  wear 
resistance.  These  steels  are  available  in  bar,  sheet,  and 
wire  forms  in  either  the  annealed  or  normalized 
condition. 

High  Carbon  Tool  Steels.  These  nonalloy  steels  have 
a  carbon  content  ranging  from  0.60  to  1.70.  They  are 
used  to  manufacture  tools  and  other  similar  parts  that 
require  a  high  degree  of  hardness  to  maintain  a  sharp 
cutting  edge.  They  are  very  difficult  to  weld  because  of 
their  high  carbon  content. 

Exercises  (810): 

1.  List  the  various  types  of  carbon  steel. 


2.  Carbon  steel  with  a  carbon  content  of  0.40  percent 

is  
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The  weldabilityofhigh  carbon  tool  steel  is  impaired  .  acttylene 

because      of     its  THICKNESS  TIP  SIZE  no,  pressure 


1/6A'*  to  1/32"  G  : 

1/32"  to  1/16"  1  I 

1/16"  to  1/8"  2  2 

4.  If  you  had  to  weld  a  spring,  what  should  you  do  i/8"  to  3/16"  3  3 

after  completing  the  weld?  1/^"  ^  3 

*  ^  1/4"  to  3/8"  5  3.5 


2-2.  PrlnclpSes  of  Welding 

When  steel  is  heated,  it  goes  through  a  soft  or  plastic 
range  between  the  solid  and  liquid  states.  Steel  doesn't 
become  fluid  until  it  reaches  a  temperature  between 
2,450''  F  and  2, 750''  F.  The  composition  of  the  metal 
determines  the  temperature  at  which  its  fluidity  occurs. 
The  temf)erature  range  is  important  when  you  weld 
various  metals.  Knowing  the  range  allows  you  to  control 
the  weld.  Also"  selecting  the  correct  torch  tip  and 
welding  or  filler  rod  aids  in  weld  control. 

8il.  State  what  to  look  for  when  selecting  torch  tip 
and  filler  rod. 

Torch  Tip  Selection.  Selecting  the  proper  tip  size 
depends  upon  the  thickness  of  the  metal  and  rate  at 
which  the  heat  is  conducted  and  radiated  in  it.  If  you 
select  a  tip  that  is  too  large,  the  metal  will  overheat  and 
excessive  scaling  and  loss  of  elements  from  the  metal 
will  occur,  producing  a  weak  weld.  In  light  metals, 
overheating  often  results  in  the  burning  of  holes, 
excessive  penetration,  and  large  globules  of  metal 
protruding  on  the  opposite  side  of  the  weld.  If  the  tip  is 
too  small,  the  flame  volume  is  too  small  to  obtain 
proper  fusion.  Adhesion  occurs  between  the  base  metal 
and  the  filler  rod  and  produces  only  a  physical  bond.  A 
chemical  bond,  the  actual  mixing  of  the  metals  to  form 
a  solid  mass,  must  occur  to  produce  a  sound  weld.  If 
you  do  not  have  the  torch  manufacturer's  table  giving 
the  approximate  sizes  of  the  tip  for  welding  different 
thicknesses  of  material,  you  can  select  the  approximate 
size  of  the  tip  by  gaging  the  tip  orifice  and  referring  to  a 
table,  such  as  the  one  shown  in  figure  2-1 .  Oxygen  and 
acetylene  pressures  are  approximately  the  same  in  ar* 
equal  pressure  type  of  torch. 

Filler  Rod.  The  type  of  filler  rod  for  the  job  depends 
upon  the  type  of  metal  you  are  welding.  In  fusion 
welding,  the  filler  rod  is  usually  of  the  same 
composition  as  the  base  metal.  For  welding  low  carbon 
steels,  use  a  copper-coated,  low  carbon  rod.  The  size  of 
the  filler  rod  depends  upon  the  thickness  of  the  metal 
you  are  welding.  Welding  rods  are  available  in  a 
diameter  of  1  / 16  inch  and  larger.  Figure  2-2  compares 
filler  rod  diameter  and  metal  thickness. 

Exercises  (811): 

1.  What  are  the  factors  that  govern  tip  size  selection? 


Figure  2-  1 .  Tip  sizes  and  pressure. 

2.  Describe  what  happens  if  you  use  a  tip  that  is  too 
large. 


3.  What  determines  the  type  and  size  of  filler  rods? 


812.  State  the  methods  used  for  oxyacetylene  welding. 

The  two  methods  used  in  oxyacetylene  welding  are 
the  forehand  method  and  the  backhand  method. 

Welding  Forehand.  To  make  satisfactory  bead 
welds  on  the  surface  of  a  plate  in  flat  position  welding, 
the  flame  motion,  tip  angle,  and  position  of  the  welding 
flame  above  the  molten  puddle  should  be  carefully 
maintained.  Adjust  the  welding  torch  to  give  the 
proper  type  of  flame  for  the  metal  you  are  welding. 
Make  narrow  bead  welds  by  raising  and  lowering 
welding  flame  with  a  slight  circular  motion  while 
progress  in  a  forward  direction.  Hold  the  tip  of  the 
torch  at  an  angle  of  45°  60°  to  the  plate  surface  and 
point  the  flame  in  the  direc;ion  of  weiding  at  all  times, 
as  shown  in  figure  23.  To  increase  the  depth  of  fusion! 
either  increase  the  angle  between  the  tip  and  the  plate 
surface  or  decrease  the  welding  speed.  The  size  of  the 
puddle  should  not  be  too  large  or  will  cause  the  flame 
to  burn  through  the  plate.  A  properly  made  bead  weld, 
without  filler  rod,  should  be  slightly  depressed  below 
the  upper  surface  of  the  plate,  and  a  ridge  should  form 
on  the  underside  to  indicate  full  penetration. 

Bead  welds  made  on  the  surface  of  a  plate  with  a 
welding  rod  are  shown  in  figure  2-4.  In  making  this 
weld,  heat  the  surface  of  the  metal  to  bring  a  small 
portion  of  the  metal  up  to  the  melting  terr.perature. 
Then  insert  the  welding  rod  into  the  puddle  and  melt 


METAL  THICKNESS 

FILLEt  tOD 

l/U*   TO  !/•• 

1/14-  TO  J/3J* 

!/••  TO  1/4* 

!/•• 

3/g-  TO  1/2* 

3/16* 

1/a*   ANO  UP 

1/4* 

Figure  2-2,  Filler  rod  size. 


FOREHAND  WELDING 


REENPORCEMENT 


DEPTH    OP    FUStON    IN    PtATE    35%    TO  30% 
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Figure         Woltlmg  heads. 


both  the  base  metal  and  rod  together.  Move  the  torch 
from  side  to  side  slighth  to  obtain  good  fusion.  By 
varying  the  welding  speed  and  the  amount  of  niotal 
deposited  from  the  welding  rod,  you  can  control  the 
size  of  the  v/clding  bead  to  any  desired  limit. 

Welding  Backhand.  In  this  newer  method  of 
welding,  the  welding  tip  precedes  the  rod  in  the 
direction  in  which  the  weld  is  being  made,  and  the 
flame  is  pointed  back  at  the  molten  puddle  and  the 
completed  weld.  Hold  the  end  of  the  rod  between  the 
flame  and  the  molten  puddle  and  keep  the  welding  tip 
at  an  angle  of  approximately  60°  to  the  plates. 
Positioning  the  welding  rod  and  tip  requires  less 
transverse  motion  than  in  forehand  welding. 

If  you  use  a  straight  welding  rod,  rotate  the  rod  so 
that  the  end  rolls  from  side  to  side  in  the  puddle  and 
melt  off  evenly.  If  you  use  a  bent  rod,  move  the  rod  and 
the  tip  toward  and  away  from  each  other  to  simulate  a 


rapid  bellows  action.  In  a  welding  operation  in  which 
you  are  making  a  large  weld  deposit,  move  the  end  of 
the  rod  in  full  circles  in  the  molten  puddle.  Move  the 
torch  to  and  fro  across  the  weld  while  you  advance 
slowly  and  uniformly  in  the  direction  of  the  welding. 

Use  backhand  welding  mainly  for  welding  heavy 
sections  because  it  permits  forming  narrower  V's  at  the 
joint.  A  60°  included  angle  of  bevel  is  sufficient  for  a 
good  joint  weld  In  general,  less  weld  rod  is  used  in 
welding  by  this  method  than  by  forehand  welding. 

You  can  compare  the  forehand  and  backhand 
methods  by  referring  to  figures  2-4  and  2-5. 

Exercises  (812): 

1.  Describe  the  movements  in  forehand  weldinr. 
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Figure  2  4.  Forehand  u elding.  4  9 
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Figure  2  5.  Backhand  welding. 
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2,  In  rorchand  welding,  ho\v  should  you  hold  the 
lorch? 


3.  Whv  is  ihc  backhand  method  considered  slightly 
easier  than  the  forehand  method? 


4.  How  do  you  control  the  size  of  the  weld  bead? 


2-3.  Welding  Positions 

All  welding  can  be  classified  according  to  the 
position  of  the  metal  or  its  joint  edges. 

813.  Name  the  four  welding  positions  and 
diflferentiate  among  them. 

There  are  four  general  positions:  flat,  horizontal, 
vertical,  and  overhead.  To  make  satisfactory  welds  in 
positions  other  than  flat,  a  knowledge  of  the  factors 
that  permit  you  to  control  the  weld  metal  in  various 
positions  is  essential.  Because  of  the  effect  of  gravity, 
the  molten  weld  metal  in  the  puddle  always  tends  to 
seek  a  lower  level.  This  tendency  is  restrained  bv  the 
following  forces:  (1)  the  cohesion  of  the  molten  pool, 
(2)  the  support  provided  by  the  base  metal  and 
solidified  weld  metaU  (3)  the  pressure  of  the  flame  on 
the  molten  metal,  (4)  the  manipulation  of  the  filler  rod 
and  the  chilling  effect  of  the  filler  rod  upon  the  molten 
pool,  and  (5)  surface  tension. 

The  most  important  force  that  tends  to  counteract 
the  force  of  gravity  is  the  cohesion  of  the  molten  metal, 
which  permits  a  certain  amount  of  molten  metal  to 
remain  in  the  molten  pool  without  running  or  falling. 
Cohesion  is  affected  by  the  amount  of  heat  applied. 
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Figure  2-6.  Horizontal  lap  joint. 
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Figure  2  7.  Vertical  lap  joint. 

More  heat  than  necessary  increases  the  fluidity  of  the 
molten  metal,  giving  it  a  greater  tendency  to  run  or  fall. 

Flat  Position.  When  a  weld  is  made  with  the  parts 
flat  on  the  table,  or  inclined  at  an  angle  less  than  45°, 
the  niler  metal  is  deposited  from  the  upper  side  of  the 
joint  and  the  face  of  the  weld  is  approximately 
horizontal.  This  is  flat  position  welding. 

Horizontal  Position.  When  you  weld  joints  with  the 
joint  edges  horizontal,  as  illustrated  in  figure  2-6,  the 
tip  should  be  held  at  an  angle  of  45°  to  the  plate  surface 
and  inclined  slightly  in  the  vertical  plane  to  direct  the 
flame  upward.  The  slight  inclination  of  the  tip  keeps 
the  molten  metal  from  sagging  to  the  lower  edge  of  the 
weld.  Move  the  tip  slightly  from  side  to  side  to  deposit 
the  metal  uniformly  along  the  joint.  Add  the  filler  rod 
to  the  upper  edge  of  the  molten  pool  to  permit  an  even 
distribution  of  weld  metal. 

Vertical  Position.  When  you  are  welding  with  the 
parts  inclined  at  an  angle  greater  than  45°  and  the  seam 
is  running  vertically,  as  illustrated  in  figures  2-7  and 
2-8,  you  produce  a  vertical  \/eld.  During  vertical 
welding,  gravity  causes  the  molten  metal  to  run  down 
and  produce  a  highly  crowned  bead.  To  control  the 
flow  of  the  molten  metal,  hold  the  flame  below  the 
welding  rod  and  point  it  upward  at  an  angle  of  45°  to 
the  plate.  Removing  the  flame  momentarily  when  the 
molten  metal  tendc  to  sag  will  aid  in  prod  icing  a  weld 
of  proper  contour.  The  solidified  weld  mf  .al  just  below 
the  molten  pool  acts  as  a  ledge  that  pro  /ides  support. 

Overhead  Position.  The  overhead  position  is 
probably  the  most  difficult  of  all  welding  positions. 
Metal  deposited  in  the  overhead  position  tends  to  drop 
or  build  up  in  thecenter  of  the  molten  pool,  causing  the 
bead  to  have  a  high  crown.  In  this  case,  where  there  is 
no  supporting  ledge  of  solidified  weld  metal  to  provide 
partial  support,  the  pool  carried  must  be  relatively 
small  so  that  gravity  does  not  exceed  the  forces  of 
cohesion  and  flame  pressure.  Manipulate  the  filler  rod 
and  let  its  chilling  effect  keep  the  pool  of  metal  small. 
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Figure  2-8.  Vertical  tee  joint. 

Form  the  bead  by  slowly  moving  the  rod  from  side  to 
side  so  that  the  molten  metal  cannot  collect  at  one  spot 
and  run  off.  The  filler  rod  metal  chills  the  pool  of 
molten  metal  to  a  plastic  state,  and  it  solidifies  quickly 
to  form  the  weld  bead.  If  the  molten  pool  becomes  too 
large,  remove  tlie  flame  from  the  pool  for  an  instant  to 
allow  the  weld  metal  to  solidify  before  resuming. 

Exercises  (813): 

1.  Name  the  four  welding  positions. 


2.  What  effect  must  you  overcome  when  you  are 
welding  a  vertical  toe  joint? 


3.  Describe  the  vertical  petition 


4.  Describe  the  horizontal  position. 


2-4.  Weld  symbols 

In  an  earlier  volume  in  this  CDC,  wc  discussed 
symbols  used  for  duct  systems.  In  this  section,  we  will 
discuss  welding  symbols  (road  signs  to  good  welds) 
used  on  blue  prints.  This  would  be  an  ideal  place  for 
you  to  review  the  section  on  sheet  metal  layout.  Do  you 
remember  how  to  make  a  of  the  pattern  layouts,  views, 
lines,  etc?  Pattern  development  is  used  in  all  phases  of 
fabrication  and  repair. 


814.  Interpret  welding  symbols  used  on  blueprints. 

The  welding  symbols  on  blueprints  provide 
complete  and  concise  information  for  the  guidance  of 
welders.  Figure  2-9  shows  a  welding  symbol  and  the 
standard  location  of  the  elements  of  welding 
information.  The  reference  line  of  the  welding  symbol 
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designates  the  welding  process  to  be  used,  its  location, 
dimensions,  extent,  contour,  and  other  supplementary 
information.  If  necessary,  a  tail  is  attached  to  the 
reference  line  and  used  to  provide  specific  notations.  If 
such  notations  are  not  required,  the  tail  is  omitted. 

There  is  a  distinction  between  the  terms  "weld 
symbol"  and  **welding  symbol."  The  weld  symbol  is  the 
symbol  (as  in  fig.  2-10,  details  A  and  B)  that  indicates 
the  desired  type  of  weld.  The  assembled  welding 
symbol  contains  the  following  elements:  reference  line, 
arrow,  basic  weld  symbol,  dimension  and  other  data, 
supplementary  symbols,  tail,  and  the  specification 
process,  or  other  reference. 

The  basic  weld  symbol  means  the  welding  process  to 
be  used  in  a  metal-joining  operation,  such  as  whether 
the  weld  is  to  be  localized  or**all  around,"  or  whether  it 
must  be  a  shop  or  field  weld.  It  also  indicates  the 
contour  of  the  weld.  These  basic  weld  symbols  may  be 
summarized  as  follows: 

c2.  Arc  and  gas  weld  symbois  are  those  signifying 
bead,  fillet,  plug  or  slot,  square,  V,  bevel,  U,  and  J 
welds,  as  illustrated  in  figure  2-10.  detail  A. 


h.  Resistance  weld  symbols  are  those  signifying  spot, 
projection,  scam,  flash,  and  upset  welds,  as  illustrated 
in  figure  2-10,  detail  B. 

c\  Since  brazing,  forge,  thermit,  induction,  and  flow 
weldments  do  not  have  specific  weld  symbols,  the  tail 
of  the  welding  symbol  designates  which  of  these 
welding  processes  is  used,  together  with  the 
specifications,  procedures,  and  other  supplementary 
information  needed  for  making  the  weld.  The  codes  for 
these  notations  in  the  welding  symbol  are  usually 
established  according  to  their  uses. 

d.  Supplementary  symbols  designate  requirements 
that  are  common  in  many  welding  processes  and 
include  symbols  fo  weld-all-around,  field  weld,  and 
flush  and  conve.K  contour  welds,  as  illustrated  in  figure 
2-10,  detail  C. 

Welds  on  the  arrow  side  of  the  joint  are  indicated  by 
the  weld  symbol  on  the  side  of  the  reference  line  toward 
the  reader,  as  in  figure  2-11,  detail  A.  Welds  on  the 
other  side  of  the  joint  are  indicated  by  the  weld  symbol 
on  the  side  of  the  reference  line  away  from  the  reader, 
as  in  figure  2-11,  detail  B.  Welds  on  both  sides  of  the 
joint  are  indicated  by  the  weld  symbols  on  both  sides  of 
the  reference  line,  as  in  figure  2-11,  detail  C. 
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Figure  2-10.  Basic  weld  symbols. 
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The  symbols  for  spot,  seam,  flash,  and  upset  welds 
have  no  arrow  side  or  ''side*"  significance  in  themselves, 
although  supplementary  symbols  used  with  these 
symbols  may  have.  For  example,  the  llush-contour 
symbol  shown  in  figure  2-10  is  used  with  the  spot  and 
seam  symbols  in  figure  2-1 1  to  show  that  the  exposed 


surface  of  one  member  of  the  joint  is  to  be  flush.  Spot-, 
seam-,  flash-,  or  upset-weld  symbols  are  centered  on 
the  reference  line  as  in  figure  2-11,  detail  D,  If  more 
than  one  type  of  weld  is  to  be  used  on  a  joint,  the 
symbol  for  each  weld  is  shown  as  indicated  for  the 
types  of  welds  that  are  illustrated  in  figure  2-1 1,  detail 
E. 
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A  -  WELDS  ON  THE  ARROW  SIDE  OF  JOINT 


B  -  WELDS  ON  THE  OTHER  SIDE  OF  JOINT 
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Figure  2-11.  Symbols  indicating  type  and  location  of  welds. 
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Exercises  (814): 

1.  What  type  of  wold  is  symboli/cd  by  two  parallel 
vertical  lines? 


t  OGE   fttl  P  AB  AI  lON  7 


2.  The  wo<ds  for  the  anow  side  of  the  joint  are  indicated 


BOOT  tOGC 

I 


/BOOT  FACE, 


3.  A  right  triangle  is  the  symbol  for  what  type  of  weld? 


2-5.  Welding  Joints 

The  properties  of  a  weldingjoint  depend  partly  upon 
the  correct  preparation  of  the  edges.  You  must  remove 
all  mill  scale,  rust,  oxides,  and  other  impurities  from 
the  joint  edges  and  surfaces.  If  you  don't,  these 
impurities  will  be  included  in  the  weld.  Prepare  the 
edges  to  fuse  completely  without  excessive  melting. 
The  edge  preparation  and  type  of  joint  you  use  must 
keep  the  neat  loss,  which  radiates  into  the  base  metal 
from  the  weld,  to  a  minimum.  A  properly  prepared 
joint  will  keep  the  expansion  of  heating  and  the 
contraction  of  cooling  within  allowable  limits. 

The  preparation  of  the  edges  and  the  type  of  joint  are 
governed  bv  the  form,  thickness,  and  type  of  metal,  the 
load  that  the  weld  must  support,  and  the  available 
means  for  preparation.  Some  of  the  most  common 
types  of  edge  preparation  are  shown  in  figure  2-12.  We 
will  discuss  preparation,  welding  techniques,  and  weld 
specifications  in  the  following  objective  segments, 
covering  the  five  basic  types  of  welded  joints:  lap,  butt, 
tee,  corner,  and  edge. 
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List  and  compare  the  three  types  of  lap  joints. 


A  lap  joint  is  made  by  placing  the  edge  of  one  sheet 
over  the  edge  of  another  sheet  and  welding  the  edge  of 
the  first  sheet  to  the  surface  of  the  other.  Lap  joints  are 
used  extensively  in  constructing  equipment  made  from 
plate  and  sheet  metal.  In  general,  the  lap  joint  is  not  the 
strongest  type  of  joint,  but  certain  types  of  lap  joints 
develop  the  full  strength  of  the  base  metal  under  tensile 
pull.  The  fillet  weld  is  used  when  making  lap  joints.  The 
different  types  of  lap  joints,  single-fillet,  double-fillet 
and  joggled,  are  shown  in  figure  2-13. 

Single-Fillet  Lap  Joint.  The  single-fillet  lap  joint 
requires  no  machining  of  the  joint  edges.  You  use  this 
join  when  the  design  of  the  part  does  not  permit 
welding  from  both  sides.  The  single-fillet  lap  joint  in 
figure  2-13,  detail  A,  does  not  develop  full  base  metal 
strength,  but  it  is  stronger  than  a  butt  weld  when  it  is 
used  for  some  purposes.  When  tubing  or  frames 
overlap  or  telescope  together,  the  lap  joint  is  preferred 
to  the  butt  joint.  If  loading  is  not  too  severe,  thisjoint  is 
suitable  for  welding  metals  of  all  thicknesses. 
However,   with   fatigue   or    impact   loads,  stress 
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Figure  2-12.  Edge  preparation. 

concentrates  at  the  edge  of  the  weld.  Under  tension,  the 
plates  will  pull  out  of  li.  \  causing  the  root  to  bend. 

Double-Fillet  Lap  Joint.  The  double-fillet  lap  joint 
in  figure  2-13,  detail  B,  can  withstand  much  more 
severe  load  conditions  than  the  single-fillet  lap  joint. 
When  properly  made,  this  joint  develops  the  full 
strength  of  the  base  metal. 

Joggled  Lap  Joint.  When  you  want  to  use  a  lap  joint 
and  the  metal  surfaces  must  be  kept  on  the  same  plane, 
use  joggled  lap  joint  shown  in  figure  2-13,  detail  C.  This 
joint  gives  a  more  uniform  distribution  of  load  stresses 
than  the  single-or  double-fillet  lap  joint. 


A.  Single-fillet 

B.  Double-fillel 

C.  Joggled 

'^-13.  Types  of  lap  joints. 
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Exercises  (815): 

1.  List  the  three  types  of  lap  joints. 

2.  Which  lap  joint  is  the  best  to  use  when  the  work  will 
be  under  stress? 

3.  What  type  of  weld  is  used  when  making  lap  joints? 
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Figure  2-15.  Lap  weld  specifications. 


4.  Which  lap  joint  is  welded  from  both  sides? 


State  the  speciHcations  for  n^elding  lap  joints. 

To  understand  the  specifications  and  techniques  for 
lap  joints,  you  must  understand  weld  nomenclature. 

Weld  Nomenclature.  The  meanings  of  the  terms  for  a 
lap  joint,  shown  in  figure  2-14,  are  as  follows: 

a.  The  fusion  zone  xs  the  area  of  weld  nietal  that  has 
penetrated  beyond  the  surface  of  the  base  metal. 

b.  The  root  is  the  portion  of  the  weld  metal  that  is 
deposited  at  the  bottom  of  the  joint. 

c.  The  legi&  the  dimension  of  the  weld  extending  on 
each  side  of  the  root  of  the  joint. 

d.  The  fac^  is  the  outer  surface  of  the  weld 
reinforcement. 

e.  The  toes  of  the  weld  are  the  edges  of  the  weld  face. 
/  Penetration  is  the  distance  from  the  original 

surface  of  the  base  metal  to  the  point  at  which  fusion 
ceases. 

g.  The  throat  is  the  distance  through  the  center  of  the 
weld  from  the  root  to  the  face. 

Weld  Specifications.  Weld  specifications,  illustrated 
in  figure  2-15^  are  the  reQuirements  for  completing  a 
sound  weld.  All  the  specifications  are  based  on  the 
thickness  (T)  of  the  base  metal.  However,  when  you 
make  welds  on  metals  of  unequal  thickness,  the 
specifications  are  based  on  the  lighter  gage  metal.  The 
specifications  for  the  lap  joint  in  figure  2-15  are: 
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a.  The  upper  /egshculd  equal  the  thickness  (T)  of  the 
base  metal;  the  lower  leg  should  equal  II/2  time  T. 

b.  The  face  should  be  slightly  convex  in  shape. 

c.  Penetration  for  metals  Yg  inch  or  less  in  thicknes 
should  be  30  to  50  percent  of  the  metal  thickness.  For 
heavier  gages,  the  minimum  penetration  should  be 
1/16  inch. 

d.  The  throat  thickness  should  equal  the  thickness  of 
the  base  metal. 

Welding  Techniques.  When  you  join  metal 
thicknesses  of  V%  inch  or  less,  overlap  the  sheets  from 
four  to  six  times  the  metal  thickness.  Tack  weld  the 
joint  at  intervals  of  approximately  IVi  inches,  as  shown 
in  figure  2-16.  Before  welding,  preheat  the  edges  of  the 
sheet  by  directing  the  flame  above  and  below  the  joint 
edges.  This  raises  the  temperature  of  the  metal  to  a  point 
that  produces  fusion  into  the  root  of  the  joint. 

Hold  the  torch  approximately  60""  from  horizontal 
to  direct  most  of  the  heat  upon  the  bottom  sheet,  and 
point  the  flame  in  the  direction  of  travel.  When  the 
edges  are  heated  to  the  molten  state,  the  center  of  the 
molten  pool  should  be  in  line  with  *he  unmelted  upper 
edge  of  the  joint  This  procedure  permits  a  greater 
amount  of  the  base  metal  to  be  melted  into  the  molten 
pool,  thus  requiring  less  filler  rod  and  assuring 
adequate  fusion  into  the  upper  sheet.  To  prevent 
possible  undercutting  at  the  upper  edge  of  the  joint  and 
overlapping  on  the  lower  plate,  you  should  add  the 
filler  rod  to  the  upper  edge  of  the  molten  pool.  You  can 
determine  the  speed  of  travel  by  the  size  of  the  molten 
pool  at  the  joint  edges.  Figure  2-16  shows  dimensions, 
weld  metal  form,  and  penetration.  You  can  use  the 
following  weld  characteristics  to  determine  incorrect 
techniques  in  making  lap  welds: 

a.  A  concave  weld  face  means  that  too  large  a 
welding  tip  was  used  and  not  enough  filler  rod  was 
added  to  the  weld.  Excess  penetration  and 
undercutting  at  the  toes  of  the  weld  are  the  results. 

b.  A  weld  face  that  is  excessively  convex  is  caused  by 
the  use  of  insufficient  welding  heat  and  the  addition  of 
an  excessive  amount  of  filler  rod.  Overlap  and  lack  of 
penetration  result. 

c.  Undercutting  and  overlapping  occur  when  the 
flame  is  directed  improperly.  Undercutting  occurs  on 
the  overheat  edge,  and  overlapping  occurs  on  the 
insufficiently  heated  edge.  This  same  condition  can 
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Figure  2-16.  Lap  joint  setup. 

result  from  the  improper  addition  of  filler  rod  into  the 
molten  pool. 

d.  Narrow  and  wide  welds  are  caused  by  improper 
welding  travel  along  the  joint  edges.  If  the  welding 
speed  is  too  fast,  the  weld  will  be  narrow.  If  the  welding 
speed  too  slow,  the-molten  pool  will  increase  in  size  and 
the  weld  will  be  wide.  Slow  travel  usually  causes 
excessive  penetration,  and  rapid  travel  causes 
inadequate  penetration. 

Exercises  (816): 

1.  When  you  are  welding  lap  joints  of  V2  inch  thick 
metal  what  is  the  penetration  range  in  inches? 


2.  The  shape  of  the  face  of  a  lap  weld  should  be 


3.  What  are  the  specifications  for  the  legs  of  a 
single-fillet  lap  joint? 


4.  The  distance  from  the  point  where  the  fusion  ceases 
to  the  original  surface  of  the  base  metal  is  known  as 


817.  State  how  to  set  up  and  weld  butt  joints. 

You  can  use  a  butt  joint  to  join  the  edges  of  two 
pieces  of  metal  when  their  surfaces  are  in 
approximately  the  same  plane.  A  properly  made  butt 
joint  develops  the  full  strength  of  the  base  metal,  and  it 
is  satisfactory  for  all  types  of  loads.  Regardless  of  the 
metal's  thickness,  penetration  through  the  base  metal 
must  be  100  percent,  and  fusion  into  the  side  walls  must 
be  at  least  1/16  inch.  To  be  able  to  weld  butt  joints,  you 
must  know  the  sections  of  a  welded  joint,  illustrated  in 
figure  2-17.  For  maximum  strength,  definite 
specifications  for  reinforcement,  penetration,  and 
shape  of  face  have  been  established.  Proper  fusion  and 
a  uniform  bead  are  necessary,  as  indicated  in  figure 
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Figure  2-17.  Butt  joint  nomenclature 

Joint  Preparation.  You  can  weld  plain  butt  joints  on 
metal  up  to  1  /  8  inch  thick  without  any  special  edge  pre- 
paration, such  as  the  beveling  of  heavier  gage  metals. 
Several  types  of  edge  preparations  for  butt  joints  on 
heavy  gage  metals  are  shown  in  figure  2-19.  You  can 
prepare  these  edges  by  flame  cutting,  shearing, 
machining,  chipping,  or  grinding.  Plate  thicknesses  of 
3/8  to  1/2  inch  can  be  welded,  using  the  single  V-joint 
or  single  U-joint  type,  as  shown  in  detail  A  and  detail  C 
of  figure  2-19.  For  welding  heavy  sections,  the  single 
U-groove  xi  more  satisfactory  and  requires  less  filler 
metal  than  the  single  V-groove.  The  double  V-groove 
joint  requires  approximately  one-half  the  amount  of 
filler  metal  used  to  produce  the  single  V-groove  joints 
for  the  same  plate  thickness.  In  general,  butt  joints 
prepared  on  both  sides  of  heavy  sections  permit  easier 
welding,  produce  less  distortion,  and  insure  better  weld 
metal  qualities  than  joints  prepared  on  one  side  only. 

Rigid  butt  joint.  Figure  2-20  shows  the  proper  setup 
for  welding  a  rigid  butt  joint  in  the  flat  position.  Place 
the  joint  edges  in  the  same  plane  and  support  them  with 
a  material,  like  firebrick,  that  will  not  radiate  the  heat 
away  from  the  plate  you  are  welding.  Tack  weld  rigid 
butt  joints  before  welding  to  prevent  the  edges  from 
being  draw  together,  making  penetration  impossible. 
The  importance  of  making  tack  welds  cannot  be 
overemphasized.  The  proper  spacing,  size,  and 
penetration  of  tack  welds  help  to  make  satisfactory 
welds.  Figure  2-20  shows  the  desired  dimensions.  The 
torch  should  be  approximately  perpendicular  to  the 
joint  edges.  Make  certain  that  you  melt  the  base  metal 
before  adding  filler  rod.  Unless  the  penetration  is  100 
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Figure  2-18.  Characteristics  of  a  good  butt  weld. 
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Figure  2-19.  Heavy  section-buti  joint  preparation. 


percent  on  the  tack  welds,  it  is  impossible  to  obtain  the 
required  penetration  when  '  ou  weld  along  the  seam 
over  the  tack  welds.  Make  the  tack  welds  every  1  Vi  inch 
along  the  entire  seam  of  the  weld.  After  tack  welding, 
the  spacing  of  the  joint  edges  should  be  equal  to  the 
metal  thickness  for  metals  up  to  1/8  inch. 

Open  butt  joint.  When  you  weld  open  butt  joints, 
not  tack  the  edges  rigid  before  welding.  This  allows  the 
edges  to  draw  together  as  the  weld  progresses  along  the 
joint.  To  prevent  the  joint  from  closing  up  entirely, 
space  one  end  of  the  joint  an  added  amount  equal  to 
the  calculated  shrinkage  of  the  weld,  as  shown  in  tlgure 
2-21 .  For  carbon  steels,  this  space  is  1/4  inch  per  foot  of 
seam  length  plus  the  base  metal  thickness. 

Welding  Techniques.  To  make  a  good  weld,  you 
must: 

a.  Use  the  correct  torch  tip  size. 

b.  Use  the  correct  welding  rod. 

c.  Adjust  the  flame  properly. 

d.  Manipulate  the  torch  and  the  rod  properly. 
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Figure  2-20.  Setup  for  rigid  butt  joint. 


Adjust  the  torch  to  produce  a  neutral  flame.  You  P'^.ed 
the  correct  torch  tip  size  and  the  correct  oxygen  and 
acetylene  regulator  pressures  to  obtain  the  proper 
volume  of  heat  for  given  metal  thickness.  The  welding 
tip  should  form  an  angle  approximately  60°  with  the 
plate  surface.  Always  point  the  flame  in  the  direction  of 
the  welding.  Add  the  filler  rod  to  the  molten  pool  at  an 
angle  of  about  45°.  Control  the  motion  of  the  flame  to 
melt  or  break  down  the  side  walls  of  the  sheets  at  the 
joint,  as  well  as  to  melt  enough  of  the  welding  rod  to 
produce  a  pool  of  molten  metaal  of  the  desire  size. 

Rigid  butt  joint.  Figure  2-22  illustrates  the  technique 
for  welding  rigid  edge  butt  joints.  Melt  the  edges  of  the 
metal  to  the  bottom  of  the  joint,  causing  the  molten 
metal  to  form  in  the  shape  of  a  horseshoe.  Add  the  filler 
rod  to  the  molten  pool  behind  the  horseshoe  opening. 
As  you  do  this,  molten  metal  bridges  across  the  edges. 
Then  use  the  force  and  ahead  of  the  flame  to  reestablish 
the  horseshoe  opening.  Repeat  this  procedure  each  time 
filler  rod  is  added.  By  maintaining  the  horseshoe 
opening,  you  assure  penetration  to  the  bottom  edges. 

Open  butt  joint.  The  technique  of  welding  open  butt 
joints  is  the  same  as  for  welding  rigid  butt  joints.  Tack 
weld  the  joint  edges  approximately  1/2  inch  from  the 
edges  of  the  sheet,  as  shown  in  figure  2-21.  Start  the 
weld  w  thout  delay  about  1/2  inch  from  the  tack  weld. 
As  the  weld  progresses  along  the  joint  edges,  the 
spacing  you  allowed  before  welding  will  gradually 
close  to  a  space  equal  to  the  base  metal .  This  spacing  is 
necessary  in  order  for  penetration  to  be  easily 
achieved  After  completing  this  part  of  the  weld,  return 
to  the  other  end  and  finish  the  weld  backhand. 

Weld  Specifications.  All  types  of  welds  have 
specifications  that  must  be  met.  The  butt  joint  is  no 
exception.  The  specifications  for  the  butt  joint  are  as 
follows: 
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Figure  2-21.  Setup  for  open  butt  joint 

•  Penetration:  100  percent. 

•  Bead:  Slightly  convex  and  uniform. 

•  Toes:  Properly  fused. 

•  Bead  width:  2  to  4  X  T  (thickness.) 

•  Reinforcement:  25  percent  of  T. 


Exercises  (817): 

1.  Give  the  two  types  of  butt  joints. 


2.  What  is  the  correct  interval  for  tack  welds  on  a  butt 
joint? 


3.  How  are  the  edges  prepared  for  a  butt  joint  on 
!/8-inch  metal? 


4.  When  welding  rigid  butt  joints,  in  what  shape  do 
you  want  the  molten  metal  to  form? 


5.  Give  the  four  rules  for  producing  a  sound  weld. 
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Figure  2-22.  Butt  joint  welding  technique. 


6.  How  much  penetration  is  needed  in  each  type  of 
butt  joint? 


818,  Cite  procedures  for  setting  up  and  welding  tee 
joints. 

Tee  Joint.  A  tee  joint  is  welded  when  the  edge  of  one 
plate  is  approximately  perpendicular  to  I'  j  surface  of 
another.  The  weld  is  called  a  fillet  weld  because  it 
approximates  a  triangular  cross  section.  The  sections 
of  a  tee  joint  are  named  in  figure  2-23.  The  terms  used 
to  identify  the  sections  of  this  weld  are  the  same  as  for 
other  types  of  welds. 

Weld  specifications.  Figure  2-24  shows  the 
specifications  for  welding  the  tee  joint.  When  welds  are 
made  on  metals  of  equal  thickness,  the  upper  leg  and 
lower  leg  should  be  1  i/2  T.  The  specifications  for  metals 
of  unequal  thickness  are  based  upon  the  thickness  of 
the  lighter  gage  sheet.  Penetration  of  metals  of  unequal 
thickness  are  based  upon  the  thickness  of  the  lighter 
gage  sheet.  Penetration  of  metals  i/s  inch  or  less  should 
be  30  to  50  percent  of  the  metal  thickness.  For  heavier 
gage,  the  minimum  penetration  is  1/16  inch.  The 
throat  thickness  should  equal  the  thickness  of  the  base 
metal. 

Joint  preparation  and  setup.  The  tee  joint  (fig  2-25) 
used  on  metal  i/sinch  thick  or  less  requires  no  special 
preparation  other  than  cleaning  the  edge  of  the  vertical 
sheet  and  the  surface  of  the  horizontal  sheet.  Welds  on 
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Figure  2-23.  Tee  joint  nomenclature. 
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Figure  2  24.  Tec  joint  specifications. 

metals  1/8  inch  up  to  1/2  inch  in  thickness  require 
beveling  if  the  joint  can  be  welded  from  one  side  only. 
Use  the  double-V  45°  bevel  on  heavy  plate  if  the  joint 
can  be  welded  from  both  sides. 

Space  the  vertical  sheet  approximately  i  /  32  to  1/16 
inch  above  the  horizontal  sheet.  You  cannot  use  the 
welding  heat  to  the  greatest  advantage  unless  the  edges 
and  the  surface  are  spaced  to  perniit  easy  fusion 
without  excessive  heating  The  spacing  should  be 
uniform  along  the  joint  to  obtain  uniform  penetration 
and  fusion.  When  you  weld  the  joint  from  both  sides  of 
the  vertical  sheet,  tack  weld  alternately  from  on  side  to 
the  other  to  maintain  the  alignment  of  the  vertical 
sheet. 

Welding  Techniques.  Before  welding,  you  should 
preheat  joint  to  raise  the  temperature  of  the  metal  to  a 
point  that  will  permit  fusion  into  the  root  of  the  joint. 
Hold  the  torch  about  60°  from  horizontal,  thus 


directing  most  of  the  heat  on  the  horizontal  sheet  of  the 
tee  joint.  Adjust  the  torch  to  a  neutral  tlame  and  point  it 
in  the  direction  of  travel.  When  the  base  metal  is  heated 
to  the  molten  state,  the  molten  pool  should  extend 
equally  upon  the  vertical  and  horizontal  sheets.  This 
technique  will  produce  a  weld  with  the  upper  and  lower 
legs  equal  in  length.  To  prevent  undercutting  at  the 
upper  edge  of  the  we!d  and  overlapping  on  the  lower 
plate,  as  illustrated  in  figure  2-26,  the  angle  of  the  torch 
must  be  correct  and  the  filler  rod  should  be  added  to  the 
upper  edge  of  the  molten  pool. 


Exercises  (818): 

1.  What  should  the  legs 
Vi-inch  thick  metal? 


measure  on  a  tee  jomt  of 


2.  Why   is   the  vertical   sheet  spaced   above  the 
horizontal  sheet? 


When  you  are  welding  tee  joint,  where  do  you  add 
the  filler  rod? 


4.  What  is  the  torch  angle  when  welding  tee  joints? 


Figure  2-25.  Setup  of  tee  joint. 
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Figure  2-26.  Overlap  and  undercut. 
819.  Name  the  uses  of  corner  joints  and  edge  joints. 

Corner  Joint.  The  fillet  weld  corner  joint,  figure 
2-27,  detail  A,  is  used  in  the  construction  of  boxes,  box 
frames,  tanks,  and  similar  fabrications.  The 
closed-type  joint,  figure  2-27,  detail  B,  is  used  on 
lighter  sheets  where  high  strength  at  the  joint  is  not 
needed.  When  the  sed-type  joint  is  used  on  heavy 
sections,  the  lapped  plate  is  V-beveled  or  V-grooved  to 
permit  penetration  to  the  root  of  the  joint.  The 
open-type  corner  joint,  figure  2-27,  detail  C,  is  used  on 
heavier  sheet  and  plate. 

Edge  Joint.  This  type  of  joint  is  not  very  strong  and 
is  used  mainly  to  join  the  edges  of  sheet  metal  and  to 
weld  reinforcing  plates  in  the  flanges  of  I-beams  or  the 
edges  of  angles.  Two  parallel  plates  arejoined  together, 
as  show  in  figure  2-28,  detail  A,  by  an  edge-joint  weld. 
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A.  Fillet  weld  joint 

B.  Closed-type  joint. 

C.  Open-type  joint 

Figure  2-27,  Corner  joints. 
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A.  Parallel  plate  joint 

B.  Li^^ht  sheet  joint 

C.  Heavy  plate  joint 

Figure  2-28.  Edge  joint. 

On  heavy  plate,  sufficient  filler  metal  is  added  to  fuse 
or  melt  each  plate  edge  completely  and  to  reinforce  the 
joint.  Two  other  common  types  of  edge  joints  are 
shown  in  figure  2-28.  Light  sheets  are  welded  by  the 
joint  type,  shown  in  figure  detail  2-28,  detail  B.  No 
special  preparation  is  necessary  other  than  to  clean  the 
edges  and  tack  weld  them  in  position,  and  no  filler 
metal  is  required.  The  edges  are  simply  tused  together. 
The  joint  shown  in  figure  2-28,  detail  C,  is  used  for 
welding  heavy  plates,  and  the  edges  must  be  beveled  to 
secure  good  penetration  and  fusion  of  the  side  walls. 
Filler  metal  is  used  ou  this  joint. 

Exercises  (819): 

1.  What  are  edge  joints  used  for? 


2.  What  are  fillet  weld  corner  joints  used  for? 


2-6,  Types  of  Heat-  and  Corrosion-Resistant 
Ferrous  Alloys 

"Heat-  and  corrosion-resistant  ferrous  alloy"  is  the 
correct  name  for  any  of  the  alloy  metals  that  are  heat 
and  corrosion  resistant.  Some  of  these  alloys  are 
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known  by  the  trade  name  of  stainless  steels,  so  during 
our  discussion  wc  will  refer  to  them  as  such. 

Stainless  steels  are  available  for  a  variety  of  uses. 
Some  are  used  for  decorative  purposes  when  corrosion 
resistance  is  required.  Some  are  used  when  high 
temperature  oxidation  resistance  is  necessary.  Some 
are  used  for  cutlery  and  aiihardened  dies.  The 
precipitation-hardened  stainless  steels  have  been 
useful  in  the  construction  of  high-speed  aircraft 
aircraft  engines,  and  missiles. 

820.  Given  its  AISI  number,  identify  the  type  of 
stainless  steel  as  stabilized  or  unstabilized,  and  state 
some  of  the  uses  of  stainless  steel. 

Stainless  Steels.  All  stainless  steels  are  identified  by 
an  AISI  (American  Iron  and  Steel  Institute)  number, 
which  is  composed  of  three  digits,  and,  in  some  cases, 
an  alphabetical  suffix.  These  stainless  steels,  because  of 
their  chemical  composition,  may  be  divided  into  four 
families:  austenitic,  precipitation-hardening,  ferritic, 
and  martensitic.  We  will  concern  ourselves  only  with 
the  austenitic  family. 

The  austenitic  stainless  steel  family  is  divided  mto 
three  groups:  ( 1)  the  normal  unstabilized  group,  (2)  the 
stabilized  group,  and  (3)  the  extra  low-carbon  group. 
Their  classification  is  determined  directly  by  their 
chemical  composition. 

Unstabilized  group.  The  unstabilized  austenitic 
stainless  steels  include  the  200  series  and  some  of  the 
300  series.  The  200  series  contains  the  grades  201  and 
202  and  is  different  from  the  300  series  in  that  a  portion 
of  its  nickel  content  is  replaced  by  manganese  and 
nitrogen.  The  chemical  composition  breakdown  is  as 
follows  for  grade  201: 

Carbon    0.1 5^c 

Chromium   16.009?:  to  IS.OOCc 

Nickel   3.50%  to  5,509f 

Manganese    5.50%  to  7.50^r 

Nitrogen    0-25%  maximum 

Iron  Approx  70%  (base) 

Also  slight  amounts  of  silicon,  sulphur,  and  phosphorus. 

The  unstabilized  300  series  contains  301,  302 
(original  18-8),  303,  304,  305.  308,  309.  310,  314,  316, 
and  3 1 7.  The  main  alloying  elements  of  these  iron-base 
alloys  are  chromium  (Cr)  and  nickel  (Ni),  and  they  are 
sometimes  referred  to  as  1 8-8  stainless  steels.  (The  1 8-8 
means  18  percent  Cr  and  8  percent  Ni.)  Using  as  an 
example  grade  302,  the  true  18-8  composition,  the 
chemical  composition  breakdown  is  as  follows: 

Carbon    0.08%  to  0.25% 

Chromium   17.00%  to  19.00% 

Nickel    8.00%  to  10.00% 

Iron   Approx  70%  (base) 

Also  slight  amounts  of  manganese,  silicon,  pho.sphorous  and 
sulphur. 

Other  unstabilized  grades  are  similar  in 
composition,  with  the  main  difference  in  the  chromium 
and  nickel  content  Some  grades  contain  up  to  26 
percent  chromium  and  22  percent  nickel. 


Stahilired  group.  The  stabilised  austenitic  stainless 
.steels  are  in  the  300  (18-8)  series  (chromium-nickel). 
Ihese  steels,  321,  347,  348,  309E,  and  318.  contain 
control  amounts  of  t  i  t  a  n  i  u  ni  o  r 
columbium-plus-titanium,  which  acts  as  a  stabilizer. 
Their  chemical  composition  is  similar  to  the  other  300 
series  with  the  exception  of  the  added  stabilizer 
elements.  The  chemical  composition  breakdown  for 
grade  321  is  as  follows: 

Caibon    O.0S<? 

Chromium   17,00%  to  liUW^} 

Nickel    >^'^^^'-(  to 

I  Itanium   5    times    the    carbon  content 

minimum  (.stabilizer) 

Iron   Approx  HWr  (base) 

Also  slight  amounts  of  silicon,  sulphur,  manganese,  phosphorus. 

The  main  difference  in  chemical  composition  of  the 
remaining  stabilized  grades  is  the  alloying  element 
used  as  the  stabilizer.  The  other  stabilized  grades 
contain  Columbian  with  tantalum  in  an  amount  10 
times  the  carbon  content  as  minimum. 

Extra-low-carbon  group.  The  extra-low-carbon 
group  of  austenitic  stainless  steel  completes  the  300 
series— and  includes  304L  316L,  and  317L~with  the 
"L"  suffix  denoting  low-carbon  content.  Each 
chemical  composition  is  similar  to  its  cc.  responding 
unstabilized  grade,  and  the  main  exception  is  a  very 
low  carbon  content.  The  chemical  composition 
breakdown  for  grade  304L  is: 

Carbon   0^%  maximum 

Chromium'".'.  18%  to  20.00^? 

Mi-t^el   t^.Wc  to  12.00^;? 

Iron   Approx  70^;  (base) 

Also  slight  amounts  of  manganese,  silicon,  suphur.  and 
phosphurns. 

The  other  extra-low  carbon  grades  arc  similar  in 
chemical  composition,  except  that  they  contain  2.00 
percent  to  3.25  percent  molybdenum. 

Uses.  The  18-8  series  of  stainless  steels  is  the  most 
widely  used  series  for  aircraft  parts.  Two  types,  the 
stabilized  321  and  347,  are  frequently  found  in  the  shop 
for  aircraft  applications.  In  type  321,  the  stabilizer  is 
titanium;  in  type  347,  it  is  columbium  with  tantalum. 
These  elements  help  to  prevent  carbide  precipitation 
during  the  cooling  period  from  high  temperatures. 
These  steels  are  used  for  aircraft  exhaust  manifolds 
and  expansion  joints. 

Unstabilized  types  of  stairless  steel,  such  as  316  and 
317,  have  a  higher  corrosion  resistance  than  other 
stainless.  This  is  especially  true  when  the  metal  is  in 
contact  with  salt  water.  Where  strength  is  very 
important,  these  steels  can  be  serviceable  up  to  ISOO'' 
F.  They  are  used  for  chemical  processing  and 
die -making  equipment. 

Exercises  (820): 

1.  Identify  each  of  the  following  stainless  steels  as 
stabilized(s)  or  unstabilized(u): 
a   202  a.  309E  347 

b.  308  e.  314  h.  321 

r.  310  A  318  /.  201 
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2.  Give  the  uses  of  stabilized  IS-S  scries  stainless  steel. 


3.  The  stainless  steels  used  for  chotniral  jM*oce>sing 
equipment  are  in  which  group? 


821.  Identify  factors  that  affect  (he  wcldability  of 
stainless  steel. 

Weldabllity.  A  thorough  understanding  of  tlie 
mechanical  properties  peculiar  to  stainless  steels  and 
the  effect  of  heat  upon  these  properties  will  help  you  in 
handling,  fabricating,  and  welding  stainless  steel. 

There  are  three  main  factors  that  affect  the 
weldability  of  stainless  steel.  They  are  carbide 
precipitation,  warpage  and  oxidation. 

Carbide  precipitation.  When  18-8  stainless  steel  is 
heated  to  a  temperature  range  of  800°  F.  to  1500°  F., 
carbides  precipitate  at  the  boundaries  of  the  crystalline 
grains.  The  carbon  separates  out  of  solution  and  unites 
with  chromium  to  form  chromium  carbides.  This 
action  is  "carbide  precipitation.'' 

Carbide  precipitation  decreases  the  corrosion 
resistance  of  the  metal,  but  it  has  very  little  effect  upon 
its  tensile  strength  under  normal  conditions.  However, 
when  the  metal  is  subjected  to  extremely  corrosive 
conditions,  the  tensile  strength  of  the  material  is 
greatly  reduced. 

When  you  weld  stainless  steels,  the  speed  ot  carbide 
precipitation  varies  with  the  following  factors: 

a.  The  length  of  time  the  metal  is  held  within  the 
carbide  precipitation  range  (800°  F.  to  1500°  F.). 

b.  The  nearer  the  actual  temperature  is  to  1,200°  F., 
the  more  harmful  the  precipitation  becomes. 

c  The  less  carbon  present  in  the  metal,  the  less 
susceptible  the  metal  is  to  carbide  precipitation. 

To  restore  the  metal  to  its  maximum  corrosion 
resistance  reheat  it  to  a  temperature  of  1,900°  F.  to 
2,000°  F.  At  this  temperature,  the  carbide  separates 
and  the  chromium  and  carbon  return  to  their  original 
state  in  the  alloy.  Hold  this  temperature  long  enough 
for  this  action  to  take  place;  then  cool  the  metal  to  a 
black  (0  to  1,000°  F.)  heat  within  2  minutes.  Cooling 
rapidly  through  the  carbon  precipitation  range  reduces 
the  forming  of  carbides  after  they  are  redissolved.  This 
procedure  also  relieves  stresses  and  produces  maximum 
softness  in  the  metal. 

When  titanium  or  columbium  is  alloyed  with 
stainless  steel,  as  in  types  321  and  347,  the  danger  of 
carbide  precipitation  is  eliminated.  Since  these 
stabilized  types  can  be  held  within  the  carbide 
precipitation  range  without  harmful  effect,  you  do  not 
need  to  heat-treat  them  to  restore  their  corrosion 
resistance.  These  two  types  can  be  given  the  same  heat 
treatmeniL  for  stress  relievinp  and  annealing  that  i.s 
given  to  the  rest  of  the  18-8  juries  stainless  steels. 


^['ijrpai^e.  Since  stainless  steels  have  a  high 
coefficient  (rate  of  measurement)  of  expansion  and  a 
low  heat  conductivity  exc^^ssiv  e  warping  and  buckling 
will  result  unless  you  take  preventive  measures.  If  you 
have  a  large  amount  of  light  gage  metal  to  weld,  use  a 
jig  to  hold  it.  The  use  of  a  proper  holding  device 
confines  the  strain  to  the  small  area  of  soft  plastic  weld 
metal  and  reduces  warpage.  If  you  do  not  use  a  jig,  the 
proper  tack  welding  procedure  helps  to  control  the 
warpage.  When  warping  has  occurred,  you  can  remove 
it  partially  by  peening  the  weld.  This  expands  the  weld 
metal  and  partially  relieves  the  stresses  that  caused  the 
warpage. 

Oxidiation.  Stainless  stecN  oxidize  very  readily  if 
they  are  heated  with  a  uame  containing  too  much 
oxygen.  Since  oxides  prevent  good  fusion  between  the 
weld  metal  an  the  base  metal,  you  must  adjust  the 
welding  flame  carefull  A  strictly  neutral  flame  is  most 
desirable,  but  it  is  difficult  to  maintain  and  can  change 
to  an  oxidizing  flame  without  notice.  For  this  reason, 
you  should  use  a  slightly  carburizing  flame,  in  most 
cases,  for  welding  stainless  steels.  The  feather  or 
brushlike  second  cone,  indicating  an  excess  of 
acetylene,  should  not  extend  more  than  1/16  inch 
beyond  the  tip  of  the  inner  cone.  If  the  flame  contains 
more  acetylene  than  is  needed,  the  hot  metal  will  take 
up  free  carbon  and  produce  a  brittle  weld.  An  increase 
in  carbon  content  also  reduces  the  corrosion  of  the 
metal. 

You  must  protect  corrosion-resistant  steel  from  the 
air  during  welding  to  prevent  the  oxygen  and  nitrogen 
in  the  atmosphere  from  combining  with  the  hot  metal. 
The  flux  used  for  oxyacetylene  welding  is  available  in 
powdered  form.  Mix  it  in  accordance  with  the 
instructions  on  the  container,  or  mix  it  with  technical 
grade  methanol  (wood  alcohol)  to  make  a  thin  paste. 
Flux  the  underside  of  the  joint  liberally  to  protect  it 
from  the  atmosphere  and  flux  the  welding  rod  lightly. 
Flux  the  top  surface  of  the  joint  sparingly  and  only 
when  the  under  surface  is  inaccessible.  Do  not,  under 
any  circumstances,  use  excessive  flux  on  the  top 
surface.  The  flux,  when  it  dries,  protects  the  metal  that 
cannot  be  covered  with  the  flame. 

Exercises  (821): 

1.  Name  the  factors  that  affect  the  weldability  of 
stainless  steel. 


2.  Because  of  carbide  precipitation,  for  what  types  of 
stainless  steels  is  the  oxyacetylene  process 
preferable? 


3.  Why  does  stainless  steel  warp  when  it  is  welded? 
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4.  How  do  you  prevent  oxidation  when  you  are 
oxyacetylene  welding  stainless  steel? 


2-7.  Types  of  Joints 

The  joints  used  for  stainless  steels  are  the  same  as 
those  for  carbon  steel.  The  weld  specifications  and 
nomenclature  are  the  same.  However,  because  of  the 
difficulties  encount  in  welding  stainless  steels 
(oxidation,  carbide  precipitation  and  warping), 
different  welding  procedures  are  required.  In  our  next 
three  objectives,  we  will  describe  the  most  common 
types  of  stainless  steel  joints;  the  lap,  butt,  and  tee — 
joints* 

822.  Give  the  reasons  for  specific  procedures  in 
setting  up  and  welding  lap  joints  of  stainless  steel. 

Lap  Joints.  Welding  a  lap  joint  in  stainless  steel  is 
usually  the  easiest  of  the  three  processes.  Lap  joints  are 
frequently  used  to  repair  aircraft  manifolds  if  the 
additional  thickness  of  a  lap  joint  is  permitted.  They 
require  less  accurate  fitup  in  repairing  holes  and  worn 
surfaces.  Since  the  penetration  for  lap  joints  does  not 
extend  to  the  bottom  of  the  joint,  the  possibility  of 
oxidation  is  greatly  reduced.  If  the  design  of  the  part 
does  not  permit  welding  from  both  sides,  the  joint  may 
be  welded  from  one  side  only.  For  some  applications, 
such  as  the  repair  of  weldable  jet  or  conventional 
aircraft  parts,  a  patch  forming  a  lap  joint  is  applied  to 
repair  a  hole  or  worn  section.  Freedom  from  pinholes, 
resistance  to  corrosion,  and  the  strength  to  withstand 
expansion  and  contraction  stresses  are  the  main 
requirements  for  welds  on  these  parts. 

Joint  preparation.  Remove  oxides,  grease,  and  oil, 
as  in  welding  other  metals»  to  keep  them  out  of  the 
weld.  The  joint  edges  need  no  special  preparation  other 
than  the  removal  of  burrs.  The  burrs  must  be  removed 
to  permit  a  close  fitup. 

Setup  and  tack  welding.  For  setup  and  tack  welding, 
fit  the  edge  of  the  lap  sheet  closely  to  the  surface  of  the 
other  sheet.  Spacing  causes  the  edge  of  the  lap  sheet  to 
heat  more  rapidly,  making  welding  more  difficult.  To 
prevent  the  edges  from  separating  during  welding,  the 
tack  welds  must  be  rigid  and  sp-ced  closely  along  the 
entire  joint,  insuring  a  close  fitup  after  tacking.  Proper 
tack  welding  reduces  warping  because  of  the  high 
coefficient  of  expansion  in  the  stainless  steel.  Figure 
2-29  illustrates  a  properly  tack-welded  lap  joint  with 
the  dimensions  and  spacing.  Space  the  tack  welds  no 
more  than  I  inch  apart  for  best  results.  They  must  be 
rigid,  yet  small,  to  permit  easy  fusion  with  the  weld. 

Welding  technique.  Flux  is  not  needed  to  prevent  the 
molten  metal  from  oxidizing  at  the  bottom  of  thejoint, 
but  some  oxidation  can  occur  directly  below  the  line  of 
fusion.  To  prevent  this,  place  a  coating  of  flux  directly 
beneath  the  line  of  weld  on  the  underside  of  the  sheet. 
Preheat  the  joint  for  several  inches  by  directing  the 
flame  above  and  below  the  joint,  raising  the  metal  to 
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Figure  2  29.  Welding  lap  joints, 
welding  temperature  at  the  root  of  the  joint.  Direct  the 
flame  mainly  upon  the  bottom  sheet  and  point  it  in  the 
direction  of  travel.  Use  the  forehand  method.  When 
the  edges  reach  the  molten  state,  the  center  of  the 
molten  pool  should  be  in  line  with  the  unmelted  edge  of 
the  joint.  This  permits  the  base  metal  to  melt  into  the 
molten  pool,  requiring  less  filler  rod  and  assuring 
adequate  penetration  into  the  root  of  the  joint  and  the 
edge  of  the  sheet. 

Hold  the  filler  rod  at  the  forward  edge  of  the  molten 
pool  and  let  it  melt  simultaneously  with  the  base  metal. 
Keep  the  filler  rod  within  the  outer  flame  envelope  so 
that  it  will  not  oxidize  and  transmit  the  oxidation  to 
the  weld.  Complete  the  weld  without  interruption.  If 
you  must  stop  the  weld  for  any  reason,  withdraw  the 
flame  slowly  to  prevent  the  oxidation  of  the  melting 
metal. 

Exercises  (822): 

1.  Why  is  the  chance  of  oxidation  reduced  in  welding  a 
lap  joint? 


2.  What  method  of  welding  should  you  use  in  welding 
lap  joints  of  stainless  steel? 


3.  Why  should  you  remove  burrs  before  welding  lap 
joints? 


4.  Why  should  you  keep  the  filler  rod  in  the  outer 
flame  envelope? 


823.  Specify  procedures  used  to  set  up  and  weld  butt 
joints  of  stainless  steel. 

Butt  Joints.  You  can  use  square-edge  butt  joints  on 
metal  thicknesses  up  to  V%  inch.  You  must  bevel  the 
edges  when  you  weld  metal  of  greater  thickness. 
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Joint  preparation.  As  usual,  remove  all  scale, 
oxides,  grease,  and  oil  from  the  surface  to  keep  from 
including  them  in  the  weld.  When  you  weld  stainless 
steel,  the  closer  the  characteristics  of  the  deposited 
metal  approximate  those  of  the  metal  you  are  welding, 
the  better  the  corrosion  resistance  of  the  welded  joint. 

In  preparing  open-butt  joints  on  stainless  steels, 
spare  the  joint  edges  to  permit  fusion  to  the  bottom  of 
the  joint.  Proper  spacing  keeps  the  open  end  of  the 
joint  from  closing;  otherwise,  excessive  buckling  will 
occur  and  penetration  will  be  impossible.  Since  the 
coefficient  of  expansion  in  stainless  steels  is  greater 
than  that  in  carbon  steels,  a  greater  allowance  per  foot 
of  seam  Icn^^th  is  needed.  Space  the  open  end  of  the 
joint  y%  inch  per  foot  of  seam  length. 

Setup  and  tack  welding.  The  proper  spacing,  size, 
and  penetration  of  the  tack  welds  help  maintain  the 
alignment  of  the  joint  and  reduce  the  possibility  of 
excessive  warping.  The  spacing  between  the  edges  of 
the  sheet  should  equal  the  metal  thickness  after 
tacking.  Because  of  the  high  coefficient  of  expansion, 
make  tack  welds  that  completely  penetrate  the  base 
metal  and  that  are  spaced  approximately  1  inch  apart 
along  the  entire  joint.  Figure  2-30  shows  the  proper  setup 
for  welding  a  rigid  butt  joint  on  stainless  steel.  Note  the 
degree  and  dimension  indications. 

After  applying  flux  to  the  bottom  edges  of  the  joint, 
place  the  edges  of  the  joint  in  the  same  plane.  Heat  the 
metal  to  the  molten  state  with  the  torch.  Then  add  the 
filler  rod  to  the  melting  edges  to  form  the  tack  weld.  To 
avoid  oxidation  which  can  result  from  removing  the 
flame  quickly  from  the  molten  metal,  direct  the  outer 
flame  envelope  over  the  tack  weld  and  slowly  withdraw 
it  until  the  weld  solidifies.  Tack  welds  must  be  rigid, 
with  full  penetration,  yet  small  enough  to  permit  easy 
fusion  of  the  metal.  Reflux  the  bottom  edges  of  the  joint 
after  tack  welding  to  replace  the  flux  removed  by  the 
flame  in  the  area  of  the  tacks. 

Welding  techniques.  To  produce  the  best  results  in 
welding  stainless  steel,  complete  the  weld  as  rapidly  as 
possible  with  a  minimum  of  heat.  Excessive  and 
prolonged  heating  produces  greater  carbide 
precipitation  and  increases  distortion  and  buckling. 
The  torch  tip  should  be  one  or  two  sizes  smaller  than 
the  tip  used  for  carbon  steels  of  an  equal  thickness 
because  of  the  low  heat  conductivity  of  stainless  steel. 


Adjust  the  flame  to  slightly  carburizing  a  direct  it  at  an 
angle  of  45°  in  the  direction  of  travel.  Add  the  filler  rod 
to  the  molten  pool  at  an  angle  of  approximately  20° 
with  the  surface  of  the  sheet.  Keep  the  end  of  the  rod 
within  the  flame  envelope  and  add  the  filler  rod  to  the 
weld  by  letting  it  melt  into  the  molten  puddle.  Stirring 
or  puddling  the  hot  metal  with  the  rod  is  unnecessary 
and  should  be  avoided  The  outer  flame  serves  as  a 
protective  atmosphere  over  the  molten  pool,  the 
surrounding  metal,  and  the  melting  end  of  the  filler 
rod.  The  weld  should  progress  with  a  steady  movement 
of  the  torch.  Do  not  move  the  torch  laterally,  since  this 
causes  the  heat  to  spread,  increasing  the  tendency  of 
the  metal  to  buckle  and  warp.  After  starting  the  weld, 
continue  until  it  is  complete.  If  you  stop  for  any  reason, 
reflux  the  joint  and  preheat  it  to  a  dull  red  for  several 
inches  beyond  the  end  of  the  existing  weld  before 
restarting.  This  will  prevent  oxidation.  When  you 
reach  the  end  of  the  joint,  remove  the  flame  slowly. 
Removing  it  rapidly  from  the  molten  pool  before  the 
weld  solidifies  causes  oxidation.  This  method  of  flame 
removal  is  usually  referred  to  as  ''feathering  off.''  After 
completing  the  weld,  remove  all  scale,  slag,  and 
remaining  flux  with  a  wire  brush. 

Exercises  (823): 

1.  If  you  must  stop  welding  a  butt  joint  of  stainless 
steel  before  completing  it,  what  must  you  do  to 
prevent  oxidation  before  starting  again? 


2.  How  do  you  prepare  an  open-butt  joint  of  stainless 
steel? 


3.  H  ow  does  the  tip  for  welding  stainless  steel  compare 
to  the  tip  used  for  welding  the  same  thickness  of 
carbon  steel? 


4.  How  should  you  use  the  flame  to  prevent  oxidation 
when  you  complete  a  butt  weld  of  stainless  steel? 


33  —  858 

Figure  2-30.  Welding  butt  joints. 


824,  State  how  to  set  up  and  weld  tee  joints  of 
stainless  steel. 

Tee  Joints.  The  tee  joint  is  probably  the  hardest  of 
the  joints  to  weld  in  stainless  steel  because  of  the 
oxidation  of  the  vertical  piece.  The  correct  volume  of 
heat  is  of  utmost  importance.  If  the  heat  is  excessive, 
the  opposite  side  of  the  metal  on  the  vertical  piece  will 
oxidize,  making  welding  extremely  difficult.  You  can 
minimize  oxidation  by  applying  flux  on  the  back  side  of 
the  weld.  If  the  joint  is  to  be  welded  on  both  sides,  clean 
off  the  flux  on  the  back  of  the  first  weld  thoroughly 
before  you  attempt  to  weld  that  side. 
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Joint  preparation.  Use  the  plain  ;ee  joint  on  metals 
up  to  %inch  thick.  Metals  of  greater  thickness  require 
beveling.  Clean  the  joint  edges  by  removing  oxides, 
grease,  and  oil.  The  joint  edges  need  no  special 
preparation  other  than  cleaning  and  removing  burrs. 

Setup  and  tack  welding.  To  space,  position  the 
vertical  sheet  approximately  1/32  inch  above  the 
horizontal  sheet  to  permit  easier  fusion  into  the  root  of 
the  joint  without  excessive  heating.  Figure  2-31 
illustrates  the  proper  spacing  of  lack  welds  and  gives 
other  dimensions.  The  tack  welds  must  be  rigid  and 
small  enough  to  permit  the  metal  to  fuse  easily.  Do  not 
space  the  tack  welds  more  than  1 V2  inches  apart.  If  the 
joint  is  to  be  welded  on  both  sides  of  the  vertical  sheet, 
make  the  tack  welds  alternately  on  both  sides  of  the 
sheet.  Tack  welding  in  this  way  helps  to  maintain  the 
alignment  of  the  vertical  sheet. 

Welding  technique.  To  assist  in  stopping  the 
oxidation  of  the  horizontal  sheet,  brush  a  thin  film  of 
flux  on  the  bottom  of  the  horizontal  sheet,  directly  in 
line  with  thhe  weld.  To  preheat,  direct  the  flame  above 
and  below  the  joint  until  the  root  of  the  joint  reaches 
the  welding  temperature.  Adequate  preheating 
prevents  cracks  from  forming  along  the  line  of  weld. 
Point  the  torch  in  the  direction  of  travel  and  direct  the 
flame  mainly  upon  the  base  of  the  tee  joint.  When  the 
base  metal  reaches  the  welding  temperature,  the 
molten  pool  should  extend  equally  upon  the  vertical 
and  horizontal  sheets.  This  produces  a  weld  with  upper 
and  lower  legs  of  equal  length. 

Hold  the  filler  rod  at  the  forward  edge  of  the  molten 
pool  and  add  it  at  the  upper  edge.  This  lets  the  molten 
metal  flow  into  the  pool  and  prevents  undercutting  the 
upper  sheet  and  overlapping  the  lower  sheet.  The  flame 
must  constantly  shield  the  melting  metal  to  prevent 
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Figure  2  31.  Welding  Te«^  joints. 

oxidation.  When  you  stop  a  weld  or  reach  the  end  of  a 
joint,  feather  off  to  prevent  oxidation.  Remove  scale, 
slag,  and  remaining  flux  from  the  finished  weld. 

Exercises  (824): 

1.  State  the  proper  spacing  of  tack  welds  for  stainless 
steel  tee  joints. 


2.  Describe  the  joint  preparation  for  a  tee  joint  of 
!/4-inch  thick  stainless  steel. 


3.  Why  should  a  tee  joint  be  preheated? 


4.  How  can  you  minimize  oxidation  when  you  are 
welding  tee  joints  of  stainless  steel? 
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CHAPTER  3 


Welding  and  Brazmg  Castings 


CAST  IRON,  an  alloy  ot  irc^n  and  carbon,  is  a 
product  of  the  cupola  furnace.  The  amount  of  carbon 
varies  from  .  170  to  4.50  percent.  In  addition  to  a  high 
percentage  of  carbon,  this  metal  contains  90  to  94 
percent  of  iron  with  varying  proportions  of 
manganese,  phosphorus,  sulfur,  and  silicon.  The  usual 
carbon  content  is  3  to  4  percent,  of  which  only  ). 
percent  combines  with  the  metal  to  form  iron  carbide. 
The  remaining  carbon  is  free  carbon.  In  this  chapter  we 
will  discuss  how  three  types  of  cast  iron  are  produced 
and  how  their  content  affects  their  mechanical 
properties  and  weldability. 

3-1.  Oxyacetylene  Welding  of  Ferrous  Castings 

To  fully  understand  the  precautions  and  limitations 
that  are  involved  in  oxyacetylene-welding  ferrous 
castings,  you  must  learn  liic  properties  and  uses  of  cast 
iron  and  how  to  identify  the  various  types  of  cast  iron. 

825.  Identify  properties  and  uses  of  the  three  types  of 
cast  iron. 

Gray  Cast  Iron.  If  the  iron  is  cooled  slowly,  the  result 
is  a  soft,  gray-colored  metal  called  gray  cast  iron.  It  can 
be  machined  easily  but  cannot  withstand  heavy  shock. 
It  is  malleable  at  any  temperature.  Gray  cast  iron  is 
used  for  automobile  cylinder  blocks,  machinery 
frames,  pump  bodies,  wheels,  gears,  and  pulleys,  and 
for  other  applications  in  which  weight,  wear  resistance 
and  rigidity  are  required.  Its  tensile  strength  is  low 
compared  with  that  of  steel,  and  it  will  fail  under  an 
excessive  load  or  shock.  Gray  cast  iron  permits  little  or 
no  bending  but  has  a  high  compression  strength.  When 
gray  cast  iron  breaks,  the  fractured  surface  is  dark  gray 
in  color.  This  is  the  only  cast  iron  that  can  be  repaired 
satisfactorily  by  fusion  welding. 

White  Cast  Iron.  If  the  iron  is  cooled  rapidly  from  its 
molten  state,  the  result  is  a  very  hard  and  brittle  metal 
called  white  cast  iron.  This  name  was  given  to  it 
because,  when  it  is  fractured,  it  has  a  silvery-white 
appearance.  White  cast  iron  is  desirable  where 
hardness  is  necessary  and  where  good  wear  and 
abrasion  resistance  are  needed.  However,  because  of 
its  hardness,  white  cast  iron  is  often  impossible  to 
machine.  The  brittleness  of  the  metal  greatly  reduces 
its  strength,  shock  resistance,  and  similar  mechanical 
properties.  White  cast  iron  can  be  fusion-welded  but  is 
more  satisfactorily  repaired  by  brazing.  The  fusion 
welding  is  done  mainly  at  foundaries  to  reclaim 
defective  white  cast  iron  that  is  to  be  heat-treated  for 
conversion  into  malleable  iron. 


Malleable  Cast  Iron.  M  alleable  cast  iron  is  produced 
by  heating  white  cast  iron  to  about  1 ,650''  F.,  holding  it 
at  this  temperature  for  several  hours  or  days,  and 
cooling  it  slowly.  This  heat  treatment  induces  high 
strength,  ductility,  toughness,  and  shcck  resistance. 
Malleable  cast  iron  can  be  bent  slightly  without 
breaking.  Small  tools,  pipe  fittings,  and  machine  parts 
are  made  of  malleable  cast  iron.  The  recommended 
method  of  oxyacetylene  repair  of  malleable  cast  iron  is 
brazing  it  with  bronze,  because  fusion  welding  destroys 
its  malleabilility.  If  its  malleability  is  destroyed,  a 
lengthy  heat  treatment  process  is  needed  to  restore  its 
original  condition.  The  lower  temperature  of  brazing 
makes  it  relatively  simple  to  repair  the  casting  without 
destroying  its  malleability. 

Exercises  (825): 

1.  The  mechanical  properties  of  gray  cast  iron  that 
make  it  desirable  for  us  as  an  automobile  cylinder 

block     are  ,  ^ 

 .  and,  


2.  White  cast  iron  is  used  where  . 


3.  All  ferrous  castings  are  identified  as  . 
 ,  or  


826.  State  the  methods  of  identifying  cast  iron 
castings. 

The  two  methods  that  are  most  commonly  used  to 
identify  ferrous  castings  are  the  spark  test  and  chip  test. 
We  will  discuss  these  two  tests  before  we  describe 
welding  ferrous  castings. 

Spark  Test.  Ferrous  castings  can  be  identified  by  the 
appearance  of  the  spark  stream  that  is  generated  when 
the  metal  touches  a  high-speed  grinding  wheel.  The 
cast  part  should  be  touched  lightly  to  the  wheel.  The 
spark  streams  of  different  metals  vary  in  one  or  more  of 
the  following  ways:  color,  density,  shape,  and  length. 
You  need  considerable  experience  to  identify  castings 
by  this  method.  But  you  can  make  a  positive 
identification  of  an  unknown  metal  by  comparing  its 
spark  stream  with  that  of  a  known  metal. 

Chip  Test.  The  chip  test  is  often  used  to  distinguish 
one  type  of  ferrous  casting  from  another.  Cut  a  narrow 
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chip  from  the  part  with  a  cold  chisel.  The  ease  with 
which  the  melal  can  be  chipped  and  the  Torm  of  the 
chip  give  some  identification.  The  chips  of  gra\'  cast 
iron  break  loose  with  each  blow  of  the  hammer  and 
start  to  curl  before  they  break  off.  The  chip  groove  is 
smooth  with  a  gray  appearance.  White  cast  iron  is  very 
hard  and  cannot  be  cut  or  chipped  easily  with  a  chisel. 
The  chips  are  small  and  tend  to  crumble.  The  fractured 
surfaces  of  white  cast  iron  arc  silvery-whUe,  The  chips 
from  malleable  cast  iron  are  like  those  ol  steel  on  the 
outer  surface;  but,  when  this  surface  has  been 
penetrated,  the  chips  curl  off  more  than  th.^sc  of  gray 
cast  iron.  The  fractured  surfaces  show  a  white,  steely 
skin;  the  center  of  the  casting  appears  gray  like  the 
color  of  cast  iron. 

Exercises  (826): 

I.  How  do  you  perform  the  spark  test? 


2.  How  can  the  chip  test  identify  the  type  of  casti*  g? 


3.  To  make  a  positive  identification  of  a  ferrous 
casting  using  the  spark  test,  you  must  


4.  Name  the  ways  in  which  spark  streams  vary. 


5,  The  chips  from  what  type  of  casting  will  curl  off? 


827,  State  procedures  for  f'usioii->vel(linj»  ^ray  cast 
iron. 

Welding  (Jrav  C  ast  Iron,  (u  ay  cast  iron  is  tlie  easiest 
ol  the  ferrous  castings  to  weld  by  the  fusion  method 
with  the  oxyacetylene  llame,  i'he  weld,  if  made 
properly,  has  a  fine  grain  structure,  which  is  soft  and 
easily  machined,  the  weld  is  usually  stronger  than  the 
base  metal.  When  you  weld  this  metal  by  the  fusion 
method,  you  will  find  it  difficult  to  keep  the  metal  from 
forming  hard  spots.  Another  problem  is  to  control  its 
expansion  and  contraction.  Each  movement  tends  to 
distort  the  casting  or  to  break  it. 

Preparation,  To  prepare  a  gray  iron  casting  for  weld 
repair,  thoroughly  clean  the  metal  surrounding  the 
break.  Grind  or  sandblast  the  metal  to  remove  rust  and 
oxide.  Remove  the  grease  and  oil  with  a  solvent.  If  the 
cross  section  of  the  metal  is  more  than  1/8  inch,  bevel 
the  edges  to  be  welded.  If  you  cannot  remove  the 
casting  to  bevel  the  break,  you  can  chip  it  out  with  a 
flexible  shaft  or  with  a  portable  grinder,  if  either  is 
available.  When  the  casting  is  broken  into  several 
pieces,  and  has  no  machined  surfaces  that  you  can  use  to 
align  the  edges,  leave  two  or  three  areas  along  the  break 
unbeveled.  You  can  use  these  areas  to  line  up  the  broken 
sections. 

The  V-bevel  should  extend  to  within  only  1/  16  to 
1/8  inch  of  the  bottom  of  the  break  (fig.  3-1), 
depending  upon  the  thickness  of  the  metal.  This 
shoulder  keeps  the  metal  from  melting  too  rapidly  at 
the  bottom  edge.  Before  welding  a  crack  that  extends 
in  from  the  edge  or  that  runs  from  an  opening  in  a 
casting,  always  drill  a  small  hole  through  the  casting 
near  the  visible  end  of  the  fracture.  If  the  crack  starts  to 
extend  when  heat  is  applied,  the  small  hole  will  prevent 
its  spreading. 

Preheating.  The  method  you  should  use  to  reduce 
expansion  and  contraction  in  the  welding  of  castings 
depends  upon  the  type  and  shape  of  the  casting  as  well 
as  the  nature  of  the  break.  In  some  cases,  the  entire 


WELD  METAL 


Figure  3-1.  Cast  iron  butt  joint, 
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casting  rctiuircs  preheating  to  prevent  serious 
expansion  strains,  while,  in  other  ca.sc>,  local 
preheating  is  sufficient.  Tor  large  castings,  such  as 
cylinder  heads  and  blocks,  yau  usually  must  preheat 
the  entire  unit  before  you  make  a  fusion  v  eld.  lf(Mil>'  a 
boss  or  a  lug  is  broken,  local  preheating  is  adequate. 
When  the  entire  casting  requires  preheating,  cuiislruct 
a  temporary  firebrick  furnace  in  the  desired  si/e  and 
heat  with  charcoal  or  a  preheating  torch. 

When  you  are  preheating  with  a  Hame  of  any  kind, 
take  care  to  prevent  overheating  at  any  one'poini. 
Place  a  baffle,  such  as  firebricks,  in  front  of  the  casting 
and  direct  the  flame  against  it.  This  spreads  the  flame 
and  produces  an  even  temperature  around  the  casting. 
The  preheating  temperature  for  gray  cast  iron  is 
approximately  1,200°  F.  (medium  cherry  red).  Shut  off 
the  preheating  torch  and  protect  the  casting  from  drafts 
during  the  welding  operation  to  keep  if  from  cooling  u^o 
fast.  Cover  the  casting,  leaving  a  section  uncovered  over 
the  area  to  be  welded.  After  welding,  reheat  the  casting 
to  the  preheating  temperature,  then  let  it  cool  slowly  in 
the  furnace.  When  you  preheat  with  charcoal,  you  do  not 
need  a  double  wall,  but  you  do  need  more  openings  at 
the  bottom  to  admit  air  to  the  fuel. 

Flux.  You  must  use  flux  for  fusion-welding  cast  iron 
by  the  oxyacetylene  process.  Commercial  flux  is 
available  in  powder  and  paste  form.  Apply  the  flux 
either  by  dipping  the  hot  end  of  the  rod  in  the  powder 
or  by  brushing  the  paste  on  the  rod.  When  vou 
fusion-weld  the  castings,  keep  the  rod  fluxed. 

Weld  application.  To  weld  cast  iron,  use  a  tip  slightly 
larger  than  the  size  you  would  ordinarily  use  to  weld  the 
same  thickness  of  steel.  With  the  larger  size  tip,  there  is 
less  chance  that  you  will  blow  the  molten  metal  ahead 
into  the  cold  surfaces  of  the  joint.  Be  careful  not  to  melt 
out  the  bottom  of  the  vee  too  rapidiy.  After  the  lowest 
part  of  the  joint  is  welded,  the  larger  tip  speeds  the 
completion  of  the  weld. 

Adjust  the  torch  to  a  neutral  flame  because  this 
fiame  has  practically  no  chemical  effect  upon  the 
metal.  Do  not  use  too  harsh  a  flame.  Hold  the  tip  of  the 
central  one  l/s  to  !4  inch  from  the  molten  pool.  Use  the 
forehand  method  to  weld  lie  t  sections  and  the 
backhand  method  to  weld  heavy  sections.  The 
backhand  method  helps  to  control  the  pool  of  molten 
metal  and  to  obtain  penetration.  Use  the  flux  to  float 
the  oxides  and  impurities  to  the  surface  of  the  weld. 
Heat  the  end  of  the  filler  rod  in  the  outer  flame 
envelope,  dip  it  into  the  dry  powder  flux,  and  place  at 
in  the  molten  pool.  A  sufficient  amount  of  flux  will 
adhere  to  the  rod  for  each  application. 

A  cast  iron  filler  rod,  high  in  silicon  and  low  in 
sulfur,  phosphorus,  and  manganese,  produces  good 
results.  The  welding  rod  has  several  important 
functions.  It  supplies  the  metal  needed  to  fill  in  the  vee 
and  reinforce  the  weld,  it  aids  in  removing  impurities, 
and  it  is  the  means  by  hich  flux  is  added  to  the  w eld.  As 
you  begin  welding  and  are  melting  the  bottom  and 
sides  of  the  vee,  hold  the  end  of  the  rod  in  the  outer 
flame  envelope.  This  prevents  chilling  the  molten  pool 
and  causing  hard  spots  in  the  weld  Add  the  filler  rod  to 


the  molten  pool  by  melting  it  in  the  pool.  The  melted 
sides  of  liie  \ee,  which  are  thoroughly  fused  with  the 
added  filler  rod,  provide  the  necessary  weld 
reinforcement. 

To  weld  heavy  sections,  make  successive  short  welds 
that  start  at  the  bottom  of  the  \'ee,  and  build  the  weld  to 
the  proper  height.  Repeat  this  procedure  until  the  weld 
is  completed.  Occasionally,  some  impurities  are 
trapped  in  the  pool  and  a  blowhole  appears  as  the 
metal  solidifies.  Remove  these  impurities  as  the  weld 
progresses  by  melting  beneath  them  and  raking  them 
out  with  the  filler  rod.  Dispose  of  the  impurities 
adhering  to  the  welding  rod  by  tapping  the  rod  on  the 
welding  table.  Figure  3-1  shows  a  buildup  of  metal  and 
an  angle  fur  welding  a  cast  iron  butt  joint. 

Cooling.  Following  the  fusion-welding  operation, 
move  the  torch  Hame  over  the  surface  of  the  metal  on 
both  sides  of  the  weld  for  a  considerable  distance  to 
bring  the  sections  of  the  base  metal  to  an  even  heat. 
Cover  small  castings,  or  those  preheated  locally  with  a 
torch,  with  sand  and  allow  them  to  cool  slowly.  If  you 
use  a  preheating  furnace,  close  all  draft  openings,  cover 
the  top  and  let  the  casting  cool  slowly.  Protect  the 
castings  from  drafts  and  cold  air,  which  cause  uneven 
cooling.  Do  not  place  any  stress  on  a  fused  joint  until  it 
has  completely  cooled.  Clean  the  finished  deposit  with 
a  wire  brush  to  remove  excess  flux  and  oxides  that  have 
risen  to  the  surface. 

Exercises  (827): 

1.  Why  must  you  preheat  when  you  weld  cast  iron? 


2.  What  should  you  do  before  welding  cracks  in  a 
casting? 


3.  How  is  the  tip  size  determined  for  fusion-welding 
gray  cast  iron? 


4.  To  weld  !/2  inch  thick  cast  iron,  what  welding 
method  should  be  used? 


5.  The  flux  is  applied  to  the  weld  joint  for  what  reason? 


3-2.  Brazing  Ferrous  Metal 

Brazing  is  a  term  of  ancient  origin.  It  comes  from  the 
word  "brassing,"  the  art  of  joining  brass  or  copper 
parts  by  alloys.  Today,  brazing  is  a  method  of  joining 
metals  together  without  fusion  by  using  a  molten  alloy 
with  a  melting  point  above  800°  F.  The  melting  point 
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of  a  brazing  alloy  must  be  below  the  melting  point  of 
the  metals  being  joined. 

828.  Specify  the  characteristics  of  brazing. 

Brazing  Ferrous  Metals.  Since  brazing  requires  less 
heat  than  fusion  welding,  it  is  faster.  Since  the  base 
metal  does  not  melt,  the  repair  procedure  is  simple.  It  is 
much  easier  to  make  sound  joints,  even  in  intricate 
castings,  by  brazing.  Because  of  the  lower  temperature, 
preheating  is  simple.  The  metal  is  preheated  only  to  a 
black  heat,  and,  as  a  result,  expansion  and  contraction 
are  much  less  than  in  fusion  welding.  The  deposit  and 
the  adjacent  metal  are  soft  and  form  a  physical  bond. 
Most  brazing  operations  can  be  done  with  only  local 
preheating. 

Bronzes  yield  readily  as  they  cool  until  the 
temperature  is  below  500°  F.  They  yield  slowly  under 
reasonably  low  stresses  even  at  room  temperatures. 
This  yielding  does  not  weaken  the  deposited  bronze 
metal  but  materially  reduces  the  locked  up  stresses  in  a 
brazed  casting.  The  ductility  of  bronze  acts  further  to 
take  up  minor  stresses  later  when  the  part  is  used. 

Most  brazed  joints  are  almost  as  strong  as  welded 
joints.  They  are  even  preferred  for  many  joints  in  cast 
iron,  nonferrous  metals,  tool  steel,  and  malleable  iron. 
Another  advantage  is  that  the  heat  r  i     make  a 

joint  is  too  low  to  alter  the  properties  j  metals  to 
be  joined.  This  is  a  big  advantage  nen  you  are 
working  with  alloy  steels  and  tool  steels  or  with  any 
other  metal  that  has  been  heat-treated. 

Brazing  is  a  practical  method  of  repairing  malleable 
iron  castings.  Malleability,  which  is  developed  by  a 
special,  lengthy  heat  treatment,  can  be  destroyed  by  the 
high  temperature  or  fusion  welding.  The  relatively  low 
temperature  used  in  brazing  has  little  effect  on 
malleability.  You  can  use  brazing  to  repair  broken  and 
cracked  cylinder  blocks,  cylinder  heads,  and  machine 
castings.  Further  applications  of  brazing  are  replacing 
worn  surfaces,  building  new  teeth  in  gears,  and 
fabricating  cast  iron  pipe. 

Brazing  has  only  one  real  disadvantage:  color.  The 
yellow  color  of  the  bronzes  used  to  braze  do  not  match 
the  natural  color  of  steel,  cast  iron,  and  some  of  the 
other  metal  for  which  brazing  is  practical. 

Exercises  (828): 

1.  How  much  preheating  is  required  for  most  brazing 
operations? 


2.  What  effect  does  brazing  have  upon  malleability? 
Why? 


3.  In  brazing  cast  iron,  what  type  of  ^ond  is  produced? 
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4.  What  effect  docs  hra/ing  have  on  the  base  metal? 


829.  Specify  procedures  for  brazing  steel  and  gray 
cast  iron  castings. 

Brazing.  Brazing  steel  or  cast  iron  is  different  from 
fusion  welding  because  a  physical  bond,  rather  than  a 
chemical  bond,  is  produced.  Becau.se  it  produces  a 
physical  bond,  there  are  a  few  variations  in  joint 
preparation  and  weld  application. 

Joint  preparation.  To  braze  cast  iron  or  steel  with 
bronze,  clean  the  metal  in  the  area  of  the  weld  to 
remove  all  scale,  rust,  grease,  and  oil.  Bevel  the  parts 
and  grind  off  all  sharp  corners  to  produce  round  edges 
and  a  mooth  surface.  The  joints  in  figure  3-2,  showing 
the  weld  formation  and  base  metal,  develop  the  highest 
strength  ecause  the  area  of  the  bond  between  the 
bronze  and  the  base  metal  is  greater  than  you  can 
obtain  with  the  ordinary  90°  V-bevel.  You  can  make 
the  V-bevel  joint,  shown  in  figure  3-2,  detail  A,  by 
grinding.  It  will  develop  almost  the  full  strength  of  the 
metal  and  should  be  used  when  high  strength  is 
required.  You  can  also  grind  the  U-joint,  shown  in 
figure  3-2,  detail  B,  but  n  large  castings,  make  the 
groove  with  a  pneumatic  chipping  hammer.  You  may 
also  use  a  portable  grinder  with  a  wheel  shaped  to 
produce  the  desired  groove.  You  use  this  joint  when 
you  are  brazing  cracks  in  the  water  jackets  of  cylinder 
heads  and  blocks.  After  cleaning  and  beveling  the 
edges,  sandblast  or  sear  the  surfaces  to  remove  the  free 
carbon.  To  sear  the  edges,  move  an  oxidizing  flame 
along  the  surface  of  the  joint  with  the  central  cone 
touching  the  metal.  The  free  carbon  combiner    ith  the 
excess  oxygen  in  the  flame,  and  a  better  bond  results. 

Flux.  Flux  is  essential  in  brazing  cast  iron  using  the 
oxyacetylene  process.  Apply  commercial  flux, 
available  in  powder  ana  paste  form,  either  by  dipping 
the  hot  end  of  the  rod  in  the  powder  or  brushing  the 
paste  on  the  rod.  In  brazing,  flux  should  be  used 
liberally  in  the  tinning  (coating)  operation.  In  filling 
the  vee,  use  the  flux  sparingly  to  avoid  too  much 
reduction  of  the  oxide  film  covering  the  molten  pool. 

F/ame.  The  flame  should  be  slightly  oxidizing  to  tin 
cast  iron  and  large  enough  to  raise  the  metal  quickly  to 
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Figure  3-2.  Brazed  cast  iron  joints. 
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a  full  red  heat  where  the  brazing  is  to  start.  The  purpose 
of  the  oxidizing  flame  is  to  free  the  carbon  that  comes 
to  the  surface  as  the  metal  is  heating  to  the  brazing 
temperature.  The  free  carbon  combines  with  the  excess 
oxygen  in  the  flame  and  burns  away,  leaving  the 
surface  clean.  After  applying  the  tinning  coat,  adjust 
the  flame  to  neutral.  A  neutral  flame  will  prevent  the 
oxidation  of  the  material.  However,  if  you  are 
brazing  with  only  one  layer  of  bronze,  the  flame  should 
carry  an  excess  of  oxygen.  The  torch  tip  should  be 
about  one  size  larger  than  the  tip  for  fusion-welding 
steel  of  the  same  thickness. 

Braze  application.  Figure  3-3  shows  the  beveling,  the 
work  setup,  and  the  appearance  of  the  finished  brazed 
butt  joint.  Apply  the  flame  slightly  behind  the  point  of 
rod  application  until  the  weld  area  attains  a  full  red 
heat.  When  you  apply  the  bronze,  it  should  spread 
quickly  and  tin  the  heated  area.  Make  a  small  molten 
pool  at  the  bottom  of  the  vee.  Be  sure  that  the  tinning 
action  takes  place  continuously  just  ahead  of  the 
molten  pool.  The  proper  brazing  technique  combines, 
into  one  continuous  operation,  the  tinning  action  and 
the  building  up  of  the  bronze  to  the  desired  size.  To 
braze  heavy  material,  it  is  frequently  necessary  to 
deposit  the  bronze  in  layers.  In  such  cases,  be  sure  that 
the  base  metal  is  well  tinned  as  you  put  on  the  first 
layer.  This  insures  a  strong  bronze  deposit  and  a  good 
bond  with  the  succeeding  layers. 

To  apply  the  bronze,  hold  the  central  cone  of  the 
flame  V%  to  Va  inch  from  the  surface  of  the  metal.  Point 
the  flame  ahead  of  the  deposit  at  an  angle  of  about  45° , 
with  the  molten  pool  slightly  behind  the  tip  of  the 
flame.  This  angle  may  vary,  depending  upon  the 
position  and  thickness  of  the  metal.  The  method  of 


handling  the  torch  and  filler  rod  depends  largely  upon 
the  size  of  the  molten  pool  and  the  speed  of  brazing. 
The  application  of  bronze  to  cast  iron  requires  careful 
attention  to  insure  good  bond  between  the  two  metals. 
!f  the  base  metal  geCs  too  hot,  the  bronze  balls  up  and 
fails  to  adhere  to  the  cast  iron.  Excess  fuming  indicates 
a  loss  of  zinc  in  the  filler  metal.  If  the  metal  is  not  hot 
enough,  the  bronze  does  not  spread  and  adhere  to  the 
casting.  The  proper  brazing  speed  is  indicated  by  the 
speed  of  tinning  and  the  contour  of  the  deposit.  Do  not 
apply  the  bronze  at  a  faster  rate  than  the  rate  at  which 
the  tinning  progresses. 

When  you  braze  a  crack  or  break  that  terminates  in  a 
hole  or  an  opening  in  the  casting,  the  braze  should 
progress  toward  the  hole  or  opening.  In  long  breaks  on 
flat  surfaces,  the  braze  should  progress  from  the  ends 
of  the  break  toward  the  middle.  To  braze  branch 
cracks,  start  the  braze  at  the  end  of  the  crack  and 
progress  toward  the  main  break.  After  using  the  torch, 
protect  the  casting  from  drafts  and  cold  air  to  prevent 
uneven  cooling.  Do  not  place  any  stress  on  a  brazed 
joint  until  it  has  completely  cooled.  You  can  clean  the 
finished  deposit  with  a  wire  brush  to  remove  any  excess 
flux  and  any  oxides  that  have  risen  to  the  surface. 

Low  carbon  steels  are  easily  brazed,  the  procedure  is 
very  similar  to  brazing  gray  cast  iron. 

Breaks  in  high  carbon  and  tool  steels  should  be  braze 
welded  only  in  an  emergency  and  if  the  lower  strength 
and  hardness  of  the  filler  metal  are  acceptable. 

Braze  welding  should  never  be  done  if  the  part  will 
be  subjected  to  severe  conditions  or  if  the  temperature 
will  be  higher  than  650°  F.  At  temperatures  ranging 
from  500°  to  600°  F..  the  strength  of  the  filler  metal  is 
greatly  impaired. 
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Exercises  (829): 

I.  After  the  parts  to  be  bra/cd  have  been  beveled,  what 
is  the  next  step? 


3.  When  brazing  1/2  inch  thick  cast  iron,  what  flame 
should  you  use  for  depositing  the  bronze? 


When  vou  are  brazing  low  carbon  steel,  how  fast  4.  How  does  preparing  the  joint  for  bra/ing  differ 
should'you  progres.s?  f'^^"^  preparing  it  tor  lus.on  welding? 
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CHAPTER  4 


Oxyacetylene  Welding  AppBications 


IN  THIS  CHAPTER  on  oxyacetylene  welding 
applications,  vvc  will  consider  some  operat  ions  that  use 
the  oxyacetylene  process.  These  operations  are  used 
more  in  the  civil  engineering  area  than  on  the  flight 
line,  but  all  welders  must  understand  them  in  theorv. 
They  are  hard  surfacing  and  soldering. 

4-1.  Hard  Surfacing. 

Hard  surfacing  or  hard  facing  is  the  process  of 
applying  extremely  hard  alloys  to  the  surface  of  a 
softer  metal  to  increase  its  resistance  lo  wear,  abrasion, 
corrosion,  or  impact.  In  rrost  cases,  you  can  apply 
hard-facing  alloys  to  the  point,  surface,  or  edge  of  any 
part  by  the  oxyacetylene  process.  Treated  with  these 
special  alloys,  the  wearing  surface  of  drills,  tools,  bits, 
cutters,  and  other  parts  will  outwear  the  common  steels 
2  to  40  times  as  long,  depending  upon  the  type  of  alloy 
used  and  the  service  to  which  the  part  is  subjected. 

830.  State  the  mechanical  properties  that  are  affected 
by  hard  facing  and  list  the  metals  that  cannot  be  'iard 
faced. 

Alloys  Used  for  Hard  Facing.  No  single  hard-facing 
material  is  suitable  for  all  applications.  Many  types  of 
hard-facing  alloys  have  been  developed  to  meet  special 
requirements  for  hardness,  toughness,  shock,  wear 
resistance,  and  other  qualities.  These  alloys  are 
generally  separated  into  five  broad  groups. 

Group  I.  The  alloys  in  group  1  consist  mainly  of  an 
iron  base  with  less  than  20  percent  of  alloying  elements. 
The  alloying  elements  are  mainly  chromiurn,  tungsten, 
manganese,  silicon,  and  carbon.  The  alloys  in  this 
group  have  greater  resistance  to  wear  than  any 
machine  steel.  .Although  not  as  hard,  they  have  greater 
toughness  and  shock  resistance  than  other  hard-facing 
alloys.  They  are  used  to  build  up  badly  worn  sections 
before  a  final  harder  surface  with  a  better  grade  of 
hard-facing  alloy  is  applied  Stoodex  and  Stoody 
self-hardening  rods  are  in  this  group.  They  are  used  for 
rock  crushers  and  similar  equipment  where  resistance 
to  shock  and  impact  is  most  important  and  hardness  is 
only  secondary. 

Group  2.  Group  2  is  iron-base  alloys  with  50  to  80 
percent  iron  and  more  than  20  percent  alloying 
elements.  These  alloying  elements  are  mainly 
chromium,  tungsten,  manganese,  silicon,  and  carbon. 
Small  percentages  of  cobalt  and  nickel  are  sometimes 
added.  Some  of  the  alloys  in  this  group  have  the 
property  of  "^red  hardness,"  that  is,  they  remain  hard 


even  when  they  are  at  a  red  heat.  They  are  used  for  the 
final  hard,  wear-resisting  surface  after  the  part  has 
been  built  up  with  a  high  strength  rod.  Stoodite  and 
Haschrome  are  types  of  rod  used  for  this  application. 

Group  3.  Group  3  contains  nonferrous  alloys  of 
cobalt,  chromium,  and  tungsten,  as  well  as  other 
nonferrous  hard-facing  metals.  Some  of  these  alloys 
also  have  the  property  of  red  hardness.  They  are 
available  in  different  grades.  All  are  highly  resistant  to 
wear  but  possess  a  special  toughness  and  strength  for  a 
wide  variety  of  purposes.  The  types  of  hard-facing  rods 
in  this  group  are  Silfram  and  Stellite.  Valves  made 
from  Stellite  can  handle  gas,  oil,  acids,  high 
temperature,  and  high-pressure  steam.  They  must 
resist  heat  corrosion  and  erosion.  This  material  is  used 
extensively  for  the  valve  seats  in  internal  combustion 
engines. 

Group  4.  Group  4  alloys  are  the  carbide  materials  or 
diamond  substitutes  and  are  the  hardest  and  most 
wear  resistant  of  all  hard-facing  materials.  Some  of 
the  alloys  contain  90  to  95  percent  tungsten  carbide. 
The  remainder  is  cobalt,  nickel,  iron,  or  similar  metals. 
These  give  strength,  toughness,  heat  resistance,  and 
impact  strength  to  the  tungsten  carbide.  Some  are 
almost  pure  tungsten  carbide  and  contain  no  alloying 
elenients.  This  grorp  is  supplied  in  the  form  of  small 
castings  to  be  welded  onto  the  wearing  surface  of  other 
metals.  They  are  bonded  to  the  surface  of  the 
hard-facing  material.  Applying  tungsten  carbide  pieces 
to  wearing  surfaces  is  known  as  hard  setting. 

Group  5.  Group  5  alloys  are  crushed  tungsten 
carbides  of  various  sizes.  They  are  fused  to  strips  of 
mild  or  low  alloy  steel  embedded  in  hard-facing 
material  or  high  stren  rods,  or  they  are  packed  in 
lengths,  which  are  applied  to  the  wearing  surface  as 
welding  rod.  Crushed  tungsten  carbides  are  also 
available  in  loose  form  as  granular  powder,  which  is 
sprinkled  onto  the  wearing  surface  and  melted  into  it. 
The  materials  in  this  group,  although  more  expensive 
than  other  types,  are  used  for  many  purposes  because 
of  their  long  life.  Tube  borium  and  borod  are  two  types 
in  group  5. 

Group  4  and  5  alloys,  since  they  are  very  tough  and 
extreniely  hard,  are  used  for  the  wearing  parts  that 
come  in  contact  with  earth,  sand,  and  gravel.  These 
include  the  blades  of  road  scraping  and  grading 
equipment,  rotary  drill  bits,  airplane  tail  skids,  power 
shovel  teeth,  and  similar  parts.  The  rods  for  these  uses 
are  borium  and  cobalt  borium. 

Metals  and  Hard  Facing.  You  can  apply  hard-facing 
materials  to  most  metals  and  alloys.  The  following  is  a 
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list  of  the  luetals  and  alloys  lhat  ean  nv  ^.-annot  be 
successruUy  hard  surtaccd: 

(I.  All  the  plain  carbon  steels  (U>\v  and  niedimn )  with 
a  carbon  content  up  to  0.50  percent  can  be  hard  taeed. 

h.  The  high  carbon  steels  et)ntainini:  above  0.50 
percent  carbon  can  also  be  hard  faced  if  the  bascnietal 
is  heat  treated  bet\)re  and  after  hard  facing  to  remove 
hardness  and  brittleness  and  prevent  cracking. 

C-.  Low  carbon  alloy  steels  can  be  hard  faced  in  some 
cases,  depending  upon  the  composition  of  the  base 
metal.  Heat  treatment  is  required  after  hard  i'aciiig. 

(J.  Hard  facing  is  not  recommended  for  high-speed 
steels  because  of  their  brittleness  and  the  shrinkage 
cracks  that  develop  in  the  base  metal  after  hard  facing. 

c.  Manganese  steels  shouki  be  hard  faced  by  the 
shielded  metal-are  process  only  with  the 
work-hardening  type  of  alloys  and  with  alloys  that 
bond  easily  with  these  metals. 

/:  Stainless  steels,  including  the  high  chromium  and 
chromium-nickel  steels,  can  be  readily  hard  faced.  You 
should  know  the  mechanical  properties  of  your  par- 
ticular stainless  steel  so  that  you  can  avoid  decreasing 
its  corrosion  resistance  after  hard  facing.  Uniform 
heatin  and  cooling  help  to  prevent  the  warping  or 
cracking  caused  by  the  higher  coefficient  of  expansion 
in  the  stainless  steel. 

i^.  Gray  east  iron  can  be  hard  laced. 
h.  Malleable  iron  can  he  hard  faced.  I  he  surface 
beneath  the  hard-facing  layer  will  hcconie  hard.  You 
can  remove  some  of  this  hardness  by  reheating  the 
metal  to  approximately  1500"^  F. 

/.  Monel  metal  can  be  readily  hard  faced. 
/.  Since  the  melting  points  of  brass  and  bron//:  are 
very  low,  hard  facing  cannot  always  be  satisfactorily 
applied  lo  these  metals.  In  some  cases,  you  can  preheat 
heavy  sections  to  a  red  heat  and  hard  face  them  by 
using  the  group  3  alloys. 

A'.  Copper  and  copper  alloys  have  high  heat 
conductivity  and  comparatively  low  melting 
temperatures.  In  some  instances,  you  can  hard  face 
them  in  the  same  way  as  for  brasses  and  bron/cs, 

/.  Aluminum  and  aluminum  alloys  caimcn  be  hard 
faced. 

Exercises  (830): 

I.  What  mechanical  properties  arc  affected  when  a 
metal  is  hard  faced? 


2.  Why  aren't  high-speed  steels  recommended  for  hiird 
surfacing? 


3.  Name  the  metals  that  cannot  always  be  s\iecessfully 
hard  faced. 


831.    Specify    the   prccedures   for   applying  and 
fmishin^  hard-surfacinj»  deposits. 

I  licrc  are  a  number  of  things  you  must  do  before  you 
can  apply  a  hard-surfacing  deposit  sucessfully.  These 
include  preparing  the  .metal,  pieheating,  fluxing, 
adjusting  the  tlame,  and  determining  the  deposit 
thickness. 

Preparing  the  Metal.  You  must  clean  the  surface  of 
the  metal  to  be  hard  faced,  removing  scale,  ru*^  dirt, 
and  other  ft>reign  substances  by  grinding,  macnming, 
or  chipping.  If  you  cannot  use  these  methods,  you  must 
prepare  the  surface  by  filing,  wire  brushing,  or 
sandblasting.  The  latter  methods  are  not  as 
satisfactory  because  the  small  particles  of  foreign 
matter  that  remain  on  the  surface  must  be  floated  out 
during  the  hard-facing  opera*  on.  Round  all  the  edges 
of  grooves,  corners,  and  recesses  to  prevent 
overheating  the  base  metal. 

Preheating.  You  should  take  the  same  pre-  autions  in 
preheating  for  hard  facing  as  for  welding  a  base  metal. 
Anneal  steels  in  the  heat-treated  condition,  if  possible, 
before  you  apply  the  hard-facing  layer.  Water 
quenching  will  crack  the  hard-facing  layer.  If  you  must 
heat  metal  to  the  critical  temperature  after  hard  facing, 
use  oi^  as  the  quenching  medium.  When  it  is  impossible 
or  undesirable  to  anneal  high  carbon  steels  or  before 
you  are  hard  facing  high-tensile,  low-alloy  steels, 
deposit  the  hard  face  by  the  transition  bead  method. 
First,  deposit  a  thin  layer  of  stainless  steel — such  as  the 
25  percent  chromium  and  20  percent  nickel  rod,  or  the 
18  percent  chromium  and  8  percent  nickel  rod 
(columbium  stabilized).  Then  build  up  the  section  to 
approximately  the  original  dimension,  using  an  1  l-lo 
14-percent  manganese  or  high  strength  rod.  Finish  by 
hard  facing  with  one  of  the  group  2  alloys. 

Fluxing.  A  flux  is  not  needed  when  you  apply 
hard-facing  materials  with  the  oxyacetylene  torch;  but, 
when  you  are  depositing  the  hard-facing  material  in 
more  than  one  layer  a  flux  helps  to  remove  the  scale 
and  oxides  that  have  form  on  the  base  metal.  This 
applies  particularly  to  hard  facing  ca'.t  iron,  in  which 
operation  a  cast  iron  welding  flux  is  satisfactory.  The 
film  of  flux  formed  on  the  molten  pool  reduces  the  rate 
of  cooling  of  the  deposited  material,  permitting  gas, 
oxides,  and  slag  inclusions  to  come  to  the  surface.  This 
results  in  a  hard  and  solid  surface  layer. 

Adjusting  the  Flame.  Use  a  carburizing  flame  to 
apply  hard-surfacing  to  metal  (fig.  4-1).  You  can  find 
the  exact  amount  of  excess  acetylene  needed  in  the 
welding  flame  by  varying  the  acetylene  during  the 
initial  deposit  of  the  rod.  The  oxyacetylene  flame  gives 
you  close  control  over  the  operation  and  produces  a 
smooth  deposit.  Adjust  the  flame  to  produce  a  quiet 
pool  and  good  flowing  qualities  for  the  hard-surfacing 
matenal  you  are  using. 

Determining  Deposit  Thickness.  In  most  cases,  you 
can  rebuild  worn  sections  with  hard-facing  deposits 
ranging  from  1/16  lo  1/4  inch  thick.  If  you  must 
deposit  hardfacing  material  in  excess  of  1/4  inch, 
rebuild  the  parts  with  a  group  1  alloy  to  1/16  to  1/4 
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Figure  4  1.  Hard  surfacing  with  oxyacetylene. 
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inch  of  the  finished  size.  Add  the  final  hard-facing 
deposit,  a  group  2  or  group  3  alloy,  with  some  excess  to 
permit  your  grinding  it  to  the  finished  dimensions. 
When  you  apply  the  harder  and  more  brittle  group  4  or 
group  5  hard-facing  materials,  either  as  a  final 
hard-facing  deposit  or  as  a  single  layer,  you  should 
control  the  shape  of  the  deposit  carefully.  It  is 
important  to  transmit  impact  or  shock  loads  through 
the  hard-facing  metal  into  the  tougher  base  metal. 
Corners,  sharp  edges,  and  built-up  sections  that  are  not 
backed  up  by  tough  base  metal  will  chip  or  break  off  in 
service. 

Torch  Hard  Facing.  Hard  facing  can  be  done  in 
either  of  the  two  ways  illustrated  in  figures  4-2  and  4-3. 
The  oxyacetylene  flame  lets  you  control  the  operation 
closely  and  produce  a  smooth  deposit.  The  flame  i^asily 
removes  the  particles  of  scale  and  foreign  matter,  and 
you  can  form  edges  and  corners  easily.  This  is 
particularly  important  when  you  must  later  grind  the 
hard-facing  deposit  to  close  dimensions.  Use  thetlame 


to  control  the  penetration  of  the  hard-facing  all  v  in 
the  base  meial,  since  some  of  the  alloys  are  puadled 
into  the  base  metal  and  others  are  merely  **sweated'' 
onto  the  base  metal.  Use  a  tip  two  sizes  larger  than  you 
would  need  for  welding  a  metal  of  the  same  thickness. 
When  you  apply  any  of  the  hard-facing  alloys  or 
materials  to  steel,  determine  the  exact  amount  of 
excess  acetylene  needed  in  the  welding  flame  by 
varying  the  acetylene  during  the  initial  deposit  of  the 
rod.  As  we  have  already  pointed  out,  adjust  the  flame 
to  give  a  quiet  pool  and  good  flowing  quality  for  your 
particular  hardfacing  material.  In  some  cases,  when 
you  are  hard  facing  a  thin  edge  or  building  up  a  desired 
shape  with  hard-facing  materials,  you  can  use  a  copper 
mold  or  backup  strip.  Check  the  following  information 
concerning  the  groups  of  alloys. 

Grow/?/.  When  you  apply  group  1  hard-facing  alloys 
to  steel,  adjust  the  flame  to  a  slight  excess  of  acetylene. 
A  neutral  flame  causes  boiling  and  produces 
unsatisfactory  results.  If  you  want  a  greater  hardness  in 
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Figure  4-2.  Forehand  method  of  hard  surfacing. 
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Figure  4  3.  Backhand  method  of  hard  surfacing. 


(he  deposit,  increase  the  acetylene  in  the  flame.  Puddle 
the  hard-facing  rods  into  the  base  sufficiently  to  obtain 
good  fusion  without  diluting  the  hard-facing  nrietal 
with  the  base  metal  and  thereby  softening  it.  You  can 
oil-quench  group  1  deposits  without  any  loss  of  wear 
resistance  or  toughness. 

Group  2.  Apply  these  hard-facing  alloys  to  steel  in 
the  same  way  as  the  group  1  alloys.  "Sweating"  is  not 
advisable.  You  should  adjust  the  flame  to  an  excess  of 
acetylene  with  a  feather  approximately  twice  the  length 
of  the  inner  cone.  The  penetration  of  these  hard-facing 
metals  into  the  base  metal  does  not  materially  affect 
the  hardness  of  the  deposit,  as  their  carbon  content  is 
high.  To  eliminate  porosity  and  shrinkage  cracks, 
reheat  the  hard-faced  part  to  an  even  temperature 
throughout,  and  then  immediately  pack  it  in  lime  or 
some  other  medium  that  retards  cooling.  You  should 
not  quench  the  deposits  made  with  this  group  of  alloys. 

Group  3.  The  hard-facing  alloys  in  this  group  are 
nonferrous  and  you  should  sweat  them  onto  the 
surface  witho  stirring  or  puddling  the  rod  or  melting 
the  surface  of  the  base  metal.  Adjust  the  flame  to  an 
excess  of  acetylene.  This  excess  prepares  the  base 
metal,  allows  free  spreading  of  the  alloy,  and  prevents 
oxidation  ahead  of  the  fusion  zone.  Bring  a  small  area 
to  be  hard  faced  to  a  sweating  temperature.  At  the 
proper  temprature,  the  hard-facing  material  will  melt 
and  spread  evenly  over  the  surface.  Control  the 
thickness  of  the  deposit  by  using  the  flame  to  spread 
the  molten  metal  over  the  surface. 

Group  4.  Some  tungsten  carbide  materials,  such  as 
those  in  group  4,  are  available  as  inserts  in  various  sizes 
and  shapes.  Groove  the  surface  of  the  base  metal  with  i 
cutting  torch  or  forging  hammer.  Space  the  inserts 
evenly  to  obtain  uniform  wearing  qualities.  Weld  an 
insert  to  the  end  of  a  steel  welding  rod  and  melt  the 
groove  in  the  base  metal.  At  this  point,  push  the  insert 
into  place  and  melt  enough  welding  rod  to  cover  the 
insert  completely.  Repeat  this  procedure  until  the 
surface  is  covered  with  the  desired  number  of  inserts. 


Tube  borium  is  made  in  the  form  of  mild  steel  tubes 
filled  with  crushed  particles  of  screen  tungsten  carbide 
(borium). 

Group  5.  The  alloys  in  group  5  arc  crushed  tungsten 
carbides  embedded  in  steel  strips,  rods,  or  tubes.  You 
can  apply  this  alloy  as  thinly  as  0.010  to  0.015  inch, 
making  it  possible  to  hard  face  thin  cutting  edges  and 
equipment  that  require  a  thin  overlay.  Adjust  the  flame 
to  an  excess  of  acetylene  with  a  feather  abont  four 
times  the  length  of  the  inner  cone.  Heat  the  base  metal 
to  the  sweating  temperature.  Avoid  puddling,  since,  in 
a  thick  deposit,  borium  particles  settle  away  from  the 
deposit.  Deposit  the  alloy  with  a  minimum  amount  of 
penetration. 

In  figure  4-4,  typical  applications  of  hard  facing  are 
shown  on  gear  teeth,  an  exhaust  valve,  and  a  rocker 
arm. 

Finishing.  Many  parts  that  are  hard  faced,  like  those 
shown  in  figure  4-4,  require  finishing  to  dimensions  or 
shapes.  If  this  is  the  case,  be  very  careful  to  apply 

HARD  SURFACING  DEPOSIT 

rWEAR  POINTS 


WEAR  POINTS 


HARDENED 
AREA  FOR  WEAR  RESISTANCE 


DEPOSITS 


Figure  4  -4.  Hard-surfacing  applications. 
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•-Mioui^h  hurd-lacmg  alloy  to  allow  for  grinding  to  given 
spccilications.  Hard-lacing  deposits  must  be  ground  or 
niaeluned  with  a  carbide  tool  bit.  The  tools  that  are 
used  to  finish  the  product  must  be  harder  than  the 
deposit. 

Exercises  (831); 

1.  What  type  oniame  is  used  to  apply  hard-surtacing 
deposits? 


2.  How   are  the  corners  and   edges  prepared  for 
hard  surfaeinc? 


3.  CompaiL  ihc  tip  si/e  for  hard  facing  with  the  tip  size 
for  fusion  welding. 


4-  How  are  nonferrous  hard-facing  allovs  applied  to  a 
base  meta^  of  steel? 


5.  True  or  False.  Group  5  hard-facing  alloy  deposits 
are  too  hard  and  brittle  to  be  finished. 


6,  How  are  the  hard^facing  alloys  bonded  to  the  base 
metal? 


4-2.  Soldering 

Soldering  is  used  for  joining  most  common  metals 
with  an  alloy  that  melts  at  a  temperature  below  that  of 
the  base  metal.  In  many  respects,  this  operation  is 
similar  to  brazing.  The  success  of  the  soldered  joint 
depends  on  the  penetration  of  the  solder  into  the  pores 
of  the  base  metal  surface,  the  formation  of  a  base  metal 
solder  alloy,  ard  the  mechanical  bond  between  the 
parts. 


perature  needed,  you  do  not  heat  the  metal  to 
temperatures  at  which  its  physical  properties  or  other 
quahties  are  impaired.  Distortion  is  held  to  a 
minimum.  The  process  is  quite  simple  and  can  be 
completed  rapidly.  Silver  alloy  filler  nietals  join 
virtually  all  ferrous  and  nonferrous  nietals  with  the 
exception  of  aluminum,  magnesium,  and  several  other 
alloys  and  metals  with  a  low  melting  point. 

The  strength  of  a  silver  soldered  joint  depends  upon 
the  filup  and  the  quality  of  the  bond  between  the  filler 
metal  and  the  base  metal.  The  heat  opens  the  crystal 
grain  structure  and  lets  the  filler  inetal  penetrate  along 
the  grain  boundaries  on  the  surface  of  the  base  metal. 
1  hi's  ^Teates  a  physical  bond  between  the  filler  metal 
and  the  base  metal.  It  is  this  bond  that  produces  the 
high  strength  of  a  soldered  joint.  No  fusion  takes  place 
between  the  filler  metal  and  the  base  metal.  Parts  that 
are  silver  soldered  should  not  be  subjected  to 
temperatures  that  exceed  500°  F.  The  silver  solder 
bond  weakens  at  that  temperature  and  becomes 
progressively  weaker  as  the  temperature  increases. 

There  are  numerous  applications  of  silver  soldering  in 
the  fabrication  of  aircraft  parts,  especially  those  in  which 
high  electrical  and  thermal  conductivity  is  needed. 
Typical  examples  are  airc/aft  radio  shields,  instrument 
fittings,  copper  oil  and  fuel  lines,  and  inlet  and  outlet 
connections  on  some  radiators  and  oil  coolers. 

Silver  solder  can  be  obtained  in  several  grades,  with 
silver  content  ranging  from  10  to  80  percent  and  with  a 
melting  point  from  1.160°  F.  to  1,600°  F.  It  comes  in 
rod,  strip,  wire,  and  granulated  form.  The  strip  or 
ribbon  form  is  generally  used  for  fixed  setups  in  which 
the  solder  can  be  placed  in  the  joint  before  heat  is 
applied.  The  rod  and  wire  forms  arc  used  mainly  where 
It  is  preferable  to  apply  the  solder  by  hand. 

Lead  Soldering.  The  lead  soldering  process  is  the 
same  as  the  silver  soldering  process  except  that 
bonding  is  produced  at  temperatures  below  800°  F 
Again,  the  joint  design  and  fitup  affect  the  qualitv  and 
strength  of  the  bond. 

Exercises  (832): 

1.  Silver  soldering  is  done  in  a  temperature  range  of 


832.  Stale  characteristics  of  silver  and  lead  soldering. 

Silver  Soldering.  In  silver  soldering,  you  produce  the 
bond  by  heating  the  base  metal  to  a  temperature  be- 
tween 1,175°  F.and  1,600°  F.  and  addingasilver  alloy 
tiller  metal  with  a  melting  point  within  this 
temperature  range. 

Joints  that  permit  capillary  attraction  are  best  suited 
tor  silver  soldering  because  of  the  high  stren^uh 
obtained.  Since  the  silver  alloy  filler  metal  flows  a"  a 
low  temperature,  less  heat  is  required,  thus  offering  a 
number  of  definite  advantages.  Because  of  the  low  tem- 


2.  Solder  joints  are  bonded  by  an  action  known  as 


3.  l  ead  soldering  is  accomplished  at  a  temperature 
below  
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4.  The  strength  of  soldered  joints  depends  upon 


833.  Specify  procedures  for  silver  soldering. 

There  are  several  factors  that  must  be  considered  for 
successful  accomplishment  of  a  silver  soldered  joint. 
These  factors  are  joint  design,  joint  preparation, 
fluxing  tip  size,  and  technique. 

Joint  Design.  The  type  of  joint  you  use  depends 
mainly  on  the  base  metal  and  the  service  requirements 
of  the  joint.  The  type  of  joint  is  important  because  ihe 
preparation,  fitup,  and  results  obtained  with  silver 
soldering  differ  from  those  of  fusion  welding.  You 
should  not  use  silver  alloy  as  a  filler.  This  alloy  flows 
freely  into  narrow  openings,  and  the  strongest  joints 
result  from  using  very  small  clearances  between  the 
joint  surfaces.  The  recommended  joint  clearance  at 
soldering  temperature  is  between  0.002  and  0.005  inch. 

Two  types  of  joints  are  used  in  silver  soldering:  the 
lap  joint  and  the  square-edge  butt  joint.  However,  the 
butt  joint  can  be  modified  to  indude  the  flanged  butt 
joint  and  the  scarf  butt  joint,  shown  in  figure  4-5.  The 
lap  joint  is  the  most  common  type  of  joint  because  it 
provides  more  area  for  capillary  attraction.  Thejoint  is 
most  efficient  when  the  overlapping  of  the  base  metals 
equals  or  exceeds  three  times  the  thickness  of  the 
thinnest  section,  shown  in  figure  4-6. 

Joint  Preparation.  You  need  a  clean,  oxide-free 
surface  to  insure  uniform  quality  and  a  soundly 
soldered  joint.  Remove  all  grease,  oil,  dirt,  and  oxides 
from  the  base  metal  and  thefiller  rod  to  obtain  uniform 
capillary  attraction  throughout  thejoint.  Complete  the 
soldering  as  soon  as  possible  after  cleaning  the  base 
metal  and  filler  metal.  Use  either  mechanical  or 
chemical  cleaning.  For  rust  and  heavy  oxides,  use 
sandblasting.  For  grease  a.  d  oil,  use  trichloroethylene 

 T  

FLANGED  BUTT  JOINT 


LAP  JOINT 


or  trisodium  phosphate.  Other  cleaning  ag.  s  and 
mac'  ines  are  the  grinder,  buffer,  emery  cloth,  vapor 
degreaser,  file,  and  certain  acids.  When  you  use 
chemical  cleaners,  wash  the  metal  to  remove  any 
residue  because  residues  can  attack  the  base  metal  or 
form  an  undesirable  film  on  the  surface. 
Solder-repairing  broken  tools  and  parts  requires  the 
thorough  removal  of  paint,  lacquer,  and  any  other 
coating.  Plating,  such  as  chrome  or  cadmium,  must 
also  be  removed.  The  solder  must  make  contact  with 
the  clean  surface  of  the  original  metal. 

Flux.  Flux  serves  various  purposes  in  making 
strong,  uniform  soldered  joints.  A  good  flux  performs 
the  following  functions: 

a.  Reacts  ehemically  with  surface  films,  such  as 
oxides,  reducing  them  and  cleaning  the  metal  surfaces 
to  receive  the  molten  silver  alloy. 

b.  Forms  a  protective  film  during  the  soldering  cycle, 
preventing  reoxidation  at  the  elevated  temperatures 
required  for  soldering. 

c.  Assists  the  silvery  alloy  to  flow  freely. 

The  use  of  flux  does  not  eliminate  the  need  for  cleaning 
the  parts  before  silver  soldering.  The  flux  supplements 
the  initial  cleaning  by  dissolving,  restraining,  anc 
otherwise  rendering  ineffective  any  products  of  the 
soldering  operation  that  could  impair  the  quality  of  the 
joint  or  prevent  bonding. 

Theflux  comes  in  a  variety  of  forms,  such  as  powder, 
paste,  liquid,  and  solid.  Remove  the  flux  after  the 
soldering  is  completed.  Trapped  flux  can  weaken  or 
corrode  the  soldered  joint.  You  can  usually  free  the 
parts  from  flux  by  washing  them  with  hot  water.  If  the 
joint  can  take  a  moderate  heat  shock,  you  can  remove 
the  flux  easily  by  immersing  thejoint  in  water  while  the 
joint  is  stil!  warm.  Several  good  ready-mixed  fluxes  are 
available  commericaily  but  the  following  mixtures  can 
be  used  as  a  substitute:  a  mixture  of  equal  parts  of 
borax  and  boric  acid  for  copper,  brass,  bronze,  and 
monel  metal;  and  a  mixture  of  3  parts  boric  acid  and  1 
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Figure  4  5.  Silver  soldered  joints. 
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\  i^uvc  4  f>.  Silvfi  soUicini}:  a  lap  joint. 


part  borax  for  steel.  Apply  the  flux  in  powder  form,  or 
dissolve  it  in  water  and  apply  it  with  a  brush.  The 
temperature  at  which  the  flux  begins  to  flow  freely  is 
the  proper  temperature  for  applying  the  solder. 

Tip  Size.  The  tip  sixe  depends  basically  upon  the 
thickness  of  the  base  metal.  However,  because  of  the 
melting  point  of  the  silver  solder  and  the  joint  design, 
you  may  use  a  slightly  larger  or  ..nailer  tip. 

Soldering.  For  silver  soldering,  adjust  the  torch  to  a 
neutral  or  slightly  carburizing  name.  Do  not  let  the 
inner  cone  of  the  carburizing  flame  touch  the  metal;  to 
do  so  can  cause  the  filler  metal  top  be  sluggish  at  the 
flow  point  and  the  flux  to  burn.  Keep  the  torch  in 
motion  all  the  time  it  is  in  use.  Holding  it  in  one  place 
too  long  can  easily  overheat  the  base  metal  and  flux.  If 
a  part  overheats  and  the  capillary  flow  of  the  solder  is 
hmdered  reclean  the  part  and  remove  all  oxides  and 
foreign  matter.  Low  heat  and  cleanliness  are  very 
important  in  silver  soldering. 

For  large  surfaces,  preheat  the  metal  well  away  from 
the  joint,  especially  if  you  are  soldering  metals  with 
high  heat  conductivity.  Be  careful  in  soldering  metals 
of  unequal  thickness  or  unequal  heat  conductivity 
because  all  metal  parts  should  reach  the  soldering 
temperature  at  the  same  time.  The  forming  of  a  small 
fillet  at  the  face  of  the  joint  indicates  complete  bonding 
through  thejoint.  Figure  6-6  shows  the  dimensions,  the 
overlap,  and  the  location  of  the  solder  for  silver 
soldering  a  lap  joint. 

Exercises  (833): 

1.  What  type  of  flame  is  used  for  silver  soldering? 


2.  When   silver  soldering   two   metals   of  uneven 
thickness,  where  should  you  apply  most  of  the  heat? 


3.  Why  is  it  necessary  to  completely  clean  the  metal 
surface  and  filler  rod  when  silver  soldering? 


How  sfionkl  yr^i  roniox^-  th^,j  following  Iroii'i  the 
metal? 

a.  Rust. 

b.  Circiist-V 

c.  Mux. 


834.  State  (he  procedures  for  lead  soldering  joints. 

Lead  Soldering.  In  lead  soldering,  metal  isjoinedby 
an  alloy  that  melts  below  the  temperature  of  the  metal 
and  always  below  800"  \'\  The  strength  of  the  .soldered 
joint  depends  upon  the  penetration  of  the  solder  into 
the  pores  of  the  base  metal,  to  create  a  physical  bond 
between  the  parts. 

Soft  solder  caniposition.  Several  types  of  soft  (lead) 
solders  are  available.  They  consist  mainly  of  lead  and 
tin  and  range  in  content  from  5  percent  tin  and  95 
percent  lead  (5-95  solder)  to  50  percent  tin  and  50 
percent  lead  (50-50  solder).  Some  undesirable 
impurities  in  these  solders  are  antimony,  arsenic,  zinc, 
iron,  and  bismuth,  all  in  very  small  quantities,  hi 
general,  the  higher  the  lead  content,  the  higher  the 
melting  point.  The  solders  with  higher  lead  content  can 
be  use  .  on  joints  that  will  be  subjected  to  temperatures 
up  to  400^  I-.,  but  the  most  common  general  purpose 
solder  is  50-50  solder. 

Joint  preparation.  1'he  parts  to  be  soldered  should 
be  Iree  of  all  oxide,  scale,  oil,  and  dirt.  Clean  the  parts 
by  pickling  them  in  a  caustic  oi  acid  solution,  filing, 
scraping,  sandblasting,  or  other  suitable  means,  and 
tin  the  base  metal  before  you  make  the  joint  and,  of 
course,  make  sure  that  the  parts  are  properly  fitted 
together. 

Flux.  All  lead  soldering  operations  require  flux  for  a 
complete  bond  and  full  strength  at  the  joints.  Flux 
clean  the  joint  area,  prevents  oxidation,  and  increases 
the  wettmg  power  of  the  solder  by  decreasing  its 
surface  tension.  Several  types  of  soft  soldering  flux  are 
in  common  use:  rosin  or  rosin  and  glycerin,  used  on 
clean  joints  to  prevent  the  formation  of  oxides  during 
the  soldering  operation;  zinc-chloride  and  am- 
moniurn-chloride,  used  on  tarnished  surfaces  to  permit 
good  tinning;  and  a  solution  of  zinc  cut  in  hydrochloric 
(muriatic)  acid,  used  by  tin  workers. 
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Application.  You  can  make  soft  solder  joints  in 
several  ways:  oxyacctylene  flame  heating,  wiping, 
sweating,  or  dipping  in  a  solder  bath.  Dipping  is  useful 
in  the  repair  of  radiator  cores.  Electrical  connections 
and  sheet  metal  are  soldered  with  soldering  irons, 
which  are  heated  in  a  gas  flame  or  furnace  or  by  an 
electrical  heating  unit  in  the  iron.  Wiping  is  used  for 
joining  lead  pipe  and  the  lead  jackets  of  underground 
and  other  lead-covered  cables.  You  can  sweat  joints  by 
applying  a  mi.xturc  of  solder  powder  and  paste  flux  to 
the  joints,  or  by  tinning  the  mating  surfaces  of  the 
members  to  be  joined  and  applying  heat  to  complete 
the  joint.  When  you  are  using  the  oxyacctylene  flame, 
it  is  best  to  use  indirect  heating.  Apply  the  heat  to  the 
sides  or  underside  of  the  joint  and  not  directly  on  the 
joint  area.  This  heating  technique  prevents  overheat 
the  joint  and  burning  the  flux  or  solder. 


Exercises  (834): 

1.  State  the  ways  to  make  sv^lt  solder  joints. 


2.  What  must  you  do  to  the  paris  before  soldering 
them? 


3.  How  does  its  lead  content  affect  the  melting  point  of 
solder? 


4.  What  is  generally  the  best  method  of  heating  a  joint 
for  soldering  with  the  oxyacctylene  flame? 
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Oxyacetylene  Cutting 


OXYACETYLENE  CUTTING  is  a  fast  and 
economical  method  of  cutting  steel.  The  cutting  torch 
allows  the  welder  to  make  accurate  fitups  and  prepare 
joint  edges  on  the  job  without  having  to  rely  on 
time-consuming  mechanical  methods. 

5-1,  Oxyacetylene  Cutting  Equipment. 

Although  it  is  fast  and  economical,  oxyacetylene 
cutting  requires  some  special  equipment.  The  basic 
equipment  is  a  cuttifng  torch  or  cutting  attachment  with 
cutting  tips.  Additional  items  are  radial  or  multiple 
cutting  machines  and  aids  for  performing  manual 
cutting  operations. 

835.  Specify  the  fundamentals  of  oxyacetylene  cutting 
equipment. 

Cutting  Equipment.  The  oxyacetylene  cutting 
equipment  is  generally  the  same  as  the  welding 
equipment,  with  the  exception  of  the  torch.  The 
oxygen  regulators  used  for  heavy  cutting  operations 
furnish  a  larger  volume  and  higher  pressure  than  is 
needed  for  welding.  The  oxygen  outlet  is  fitted  with  a 
working  pressure  gage,  graduated  to  400  psi,  and  the 
oxygen  hose  is  designed  to  withstand  these  high 
Jjressures. 

Cutting  torch.  The  cutting  torch  mixes  oxygen  and 
acetylene  in  definite  proportions,  burns  the  mixture  in 
a  preheating  flame,  which  heats  the  work,  and  directs  a 
jet  of  high  pressure  oxygen  to  sever  the  metal  along  the 
line  of  cut.  The  hand  cutting  torch  looks  like  a  welding 
torch,  but  it  differs  in  construction  and  method  of 


control.  It  consists  mainly  of  a  handle,  connecting 
tubes,  and  a  head,  as  shown  in  figure  5- 1 .  At  the  rear  of 
the  handle  are  the  oxygen  and  acetylene  hose 
connections.  A  needle  valve  in  the  acetylene  inlet 
connection  controls  the  acetylene  supply.  The 
preheating  oxygen  is  regulated  by  a  preheat  valve  on 
the  side  of  the  handle.  A  high  pressure  oxygen  valve, 
operated  by  a  trigger  or  lever,  controls  the  cutting 
oxygen.  In  some  cutting  torches,  the  preheating 
oxygen  and  the  acetylene  do  not  mix  until  they  are  in 
the  cutting  tip.  These  cutting  torches  have  three  gas 
tubes:  one  of  high  pressure  oxygen,  one  of  preheating 
oxygen,  and  one  for  acetylene.  In  other  cutting  torches, 
the  preheating  oxygen  and  acetylene  premix  in  the 
torch  body  in  a  common  mixing  chamber.  These 
torches  have  only  two  gas  tubes:  one  for  high  pressure 
oxygen  and  one  for  the  mixing  of  gases. 

Cutting  attachment.  The  construction  and 
operation  of  the  cutting  attachment,  figure  5-2,  are  like 
those  of  an  ordinary  cutting  torch.  The  simple 
attachment  fits  the  body  of  the  standard  welding  torch, 
converting  it  quickly  into  a  cutting  torch.  Since  it  is 
unnecessary  to  disconnect  the  hoses,  the  changeover 
can  be  made  in  a  very  short  time.  This  attachment  is 
very  useful  for  the  occasional  cutting  of  lighter  section 
The  cutting  attachment  is  not  recommended  for  the 
constant  cutting  of  heavy  materials.  Such  work  should 
be  done  with  a  regular  heavy  duty  cutting  torch. 

Cutting  tips.  The  taper-seated,  separable  cutting  tip 
is  held  in  the  cutting  torch  head  by  the  tip  nut.  The  tip 
has  a  central  orifice  through  which  the  cutting  oxygen 
flows.  This  orifice  is  surrounded  by  several  preheating 
holes,  as  shown  in  figure  5-3.  Cutting  tips  with  cutting 
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Figure  5-1.  Cutting  torch. 
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Figure  ^  2.  Cutting  ;»t:achnient. 


and  preheating  orifices  of  various  sizes  are  available 
for  cutting  practically  any  thickness  of  metal  and  are 
supplied  in  various  lengths  for  special  jobs.  Bent  tips 
are  also  used  under  certain  conditions.  Many  special 
operation  such  as  flange  machining,  gouging,  scarfing, 
and  rivet  cutting,  are  done  with  cutting  tips  designed 
for  the  purpose.  Figure  5-4  shows  these  different 
designs. 

Cutting  machines.  Although  many  types  of  cutting 
machines  are  available  and  identified  by  commercial 
trade  names,  they  are  usually  classified  according  to 
their  mean  of  control  and  the  type  of  work  they 
perform.  Cutting  machines  have  been  improved  by  the 
use  of  electric  solenoid  valves  to  control  the  gas  flow 
and,  by  the  use  of  electronic  and  magnetic  devices  for 
controlling  the  torch  movement.  Many  machines 
perform  automatic  cutting  operations.  Special 
machines  cut  a  specific  number  of  specially  shaped 
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Figure  5-  3.  Cutting  tip. 


objects,  cut  a  number  of  object  of  the  same  size  at  the 
same  time,  cut  straight  kerfs,  and  bevel  metal.  A 
multiple  cutting  machine  is  shown  in  figure  5-5.  To 
make  uniformly  clean  cuts  on  steel  plate,  motor-driven 
cutting  machines  support  and  guide  the  cutting  torch. 
The  machine  does  straight  line  cutting  and  beveling  by 
guiding  the  torch  as  the  machine  travels  along  a 
straight  line  on  steel  tracks.  It  cuts  arcs  and  circles  by 
guiding  the  torch  with  a  radius  rod  pivoted  about  a 
central  point,  as  shown  in  figure  5-6. 

Cutting  aids.  A  cutting  aid  is  any  device  that  helps 
you  perform  the  desired  operation.  It  can  be  a  simple 
straight  edge,  such  as  a  piece  of  angle  iron,  for  straight 
line  cutting,  a  circular  cutting  attachment  for  cutting 
circles,  or  a  sheet  metal  pattern  for  cutting  specific 
shapes  and  angles. 

Exercises  (835): 

1.  What  are  the  functions  of  the  cutting  attachment? 


2.  A  light  cutting  tip  for  cutting  rivet  heads  manually 
has  an  angular  bend  of  - 


3.  What  arc  the  outer  orifices  on  a  cutting  tip  used  for? 


4.  Give  the  minimum  number  of  tubes  in  a  cutting 
torch. 


5.  What  is  a  multiple  cutting  machine? 
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DEGREE  OF 

NUMBER  OF  PREHEAT  ORIFICES         PREHEAT  APPLICATION 


Medium        For  straight  line  or  circular  cut- 
ting of  clean  plate. 


Light 


Light 


For  splitting  angle  iron,  trimming 
plate  and  sheet  metal  cutting. 


For  hand  cutting  rivet  heads  and 
machine  cutting  30  deg.  bevels. 

For  straight  line  and  shape  cut- 
ting clean  plate. 

For  rusty  or  paintad  surfaces. 


For  cast  iron  cutting  and  pre- 
paring welding  V*s. 


Y  <^    Very  Heavy.  For  general  cutting  also  for  cut- 
,Jj.  ting  cast  iron  and  stainless  steel, 


Medium 


Medium 


Medium 


Heavy 


For  grooving,  flame  machining, 
gouging  and  removing  imperfect 
welds . 

For  grooving,  gouging  or  removing 
imperfect  welds. 


For  machine  cutting  45  deg.  bevel 
or  hand  cutting  rivet  heads. 

Flared  cutting  orifices  provides 
large  oxygen  stream  of  low  velocity 
for  rivet  head  removal  (washing). 


Most  of  the  above  cutting  tips  are  available  in  two  or  more  sizes  and  should 
be  selected  on  the  basis  of  the  thickness  of  the  metal  and  the  job  to  be 
performed. 


53.843 


Figure  5-4.  Cutting  tips  and  their  uses. 


52^' 


47 


ERIC 


Figure  5-5.  Multiple  cutting  machine. 


5-2.  Cutting  Operations 

The  speed  and  economy  with  which  you  can  sever 
and  shape  iron  and  steel  by  oxyacetylene  cutting  make 
the  cuttin  torch  an  indispensable  tool.  It  is  useful  in 
the  shipyard  for  cutting  plate  to  the  desired  shape,  in 
the  steel  mill  for  beveling  plate  edges  before  welding  in 
scarfing  operations,  and  in  shops  of  all  types  for 
fabrication  and  repair. 

836.  Point  out  key  factors  in  oxyacetylene  cutting. 

Cutting.  To  cut  metal  by  the  oxyacetylene  process, 
there  must  be  rapid  oxidation  of  the  metal  in  a 
localized  area.  Heat  the  metal  to  a  bright  red  or 
**kindling**  temperature  and  direct  a  free  jet  of 
high-pressure  oxygen  against  it.  This  oxygen  blast 
combines  with  the  hot  metal  and  burns  it  to  an  oxide. 
The  resultant  reaction  generates  an  intense  heat  that  is 
used  for  cutting.  The  high-temperature  oxide  heats  the 
metal  in  its  path  to  the  ignition  temperature  as  it  passes 
down  the  side  of  the  cut.  The  affected  area  combines 
with  the  cutting  oxygen  and  also  burns  to  an  oxide. 
The  oxide  is  blown  away  on  the  opposite  side  of  the 
piece,  leaving  a  narrow  slot  or  "kerf  which  separates 
the  metal. 
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Only  the  metal  in  the  path  of  the  oxygen  jet  is  acted 
upon.  In  linear  cutting,  a  narrow  kerf  with  uniformly 
smooth  and  parallel  walls  is  cut.  A  skilled  workman, 
using  a  mechanically  guided  and  controlled  torch,  can 
make  very  accurate  cuts.  Heavy  sections  that  cannot  be 
economically  cut  by  any  of  the  mechanical  processes 
can  be  easily  and  smoothly  cut  with  oxygen. 

Although  practically  all  metals  combine  readily  with 
oxygen  when  they  are  heated  to  a  high  temperature, 
some  of  them  cannot  be  cut  successfully  by  this  method 
because  their  oxides  have  a  higher  melting  point  than 
the  parent  metal,  and  they  mix  with  it  when  they  are 
melting,  instead  of  separating  from  it.  The  nonferrous 
metals  are  of  this  type.  Iron  and  steels  of  medium 
carbon  content  can  be  cut  successfully  by  the 
oxyacetylene  process  without  special  preparation.  High 
carbon  tool  steels  can  be  cut  if  the  entire  section  is  first 
properly  preheated.  For  ordinary  tool  steel,  a  black  heat 
is  usually  sufficient,  through  some  alloy  tool  steels 
require  a  full  red  heat.  Cast  iron  is  more  difficult  to  cut 
than  steel  because  it  melts  at  a  lower  temperature  than  its 
oxide.  Chromium  and  stainless  steels  require  a  special 
process. 

Cutting  Procedures.  To  get  ready  to  cut  metal  with 
the  oxyacetylene  torch,  you  must  first  select  the  right 
tip  size  and  adjust  your  regulators  for  the  correct 
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Figure  5-6.  Using  a  cutting  machine. 

pressure.  Figure  5-7  gives  the  recommended  pressures 
and  tip  sizes  for  various  thicknesses  of  low  carbon 
steels. 

Now  adjust  the  preheating  flame  to  neutral  with  the 
torch  needle  valves,  open  the  cutting  oxygen  valve,  and 
again  adjust  to  a  neutral  flame.  Because  of  rapid 
oxidation  the  oxygen  actually  separates  the  metal. 
Make  sure  that  the  metal  on  both  sides  of  the  line  of  cut 
is  free  from  scale  and  heavy  rust  deposits.  To  start  the 
cut,  hold  the  torch  perpendicular  to  the  work  with  the 
inner  cone  of  the  preheating  flame  slightly  above  the 
surface  of  the  metal.  When  a  red  heat  has  been  reached, 
open  the  cutting  oxygen  valve  slowly  until  it  is  fully 
open,  as  shown  in  figure  5-8.  If  you  start  the  cut 
properly,  a  shower  of  sparks  will  fall  from  the  opposite 
side,  indicating  that  the  cut  has  penetrated  all  the  way 
through  the  metal.  If  you  use  proper  pressures  and 
cutting  speeds,  you  can  cut  the  metal  without 
interruption.  Near  the  end  of  the  cut,  raise  the  torch.  If 
you  have  performed  the  cut  properly,  it  will  be  a  clean, 
narrow  kerf,  comparing  favorably  with  a  cut  made  by 
sawing.  Figure  5-9  illustrates  different  results  obtained 
in  cutting  considering  such  factors  as  oxygen  pressure, 
preheating,  and  speed  of  travel.  The  figure  shows  work 
views,  drag,  and  direction  of  cut.  If  the  speed  is  too  fast, 
the  metal  is  not  preheated  sufficiently  to  continue  the 
cut.  To  restart,  direct  the  flame  slightly  behind  the 
point  where  you  lost  the  cut.  When  the  metal  is 
preheated  properly,  resume  the  cutting. 

Metal  Composition.  The  composition  of  the  metal 
determines  how  effectively  it  can  be  cut  with  an 
oxyacetylene  torch. 
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Figure  5-7.  Recommended  pressure  for  cutting  !ow  carbon  steel. 

Carbon  steels.  Plain  carbon  steel  whose  carbon 
content  does  not  exceed  0.35  percent  can  be  cut 
without  special  precautions  other  than  those  required 
for  any  cut  of  good  quality.  For  higher  carbon  steels, 
you  must  be  careful  to  prevent  the  formation  of  a  hard 
I  layer  at  the  edge  of  the  plate.  To  avoid  this,  preheat  the 
I  plate  edges  in  advance  of  the  cut.  Use  preheating 
temperatures  of  500°  F.  to  600°  F.  in  cutting  steels  in 
this  class. 

Chromium  and  stainless  steels.  These  and  other 
alloy  steels,  which  formerly  could  be  cut  only  by 
melting,  can  now  be  cut  by  oxidation.  Iron  powder  or  a 
special  nonmetallic  powdered  flux  is  added  to  the 
cutting  oxygen  stream.  The  iron  powder  oxidizes 
quickly  and  liberates  a  large  quantity  of  heat.  This  high 
heat,  in  turn,  melts  the  refractory  oxides  that  normally 
protect  the  alloy  steel  from  the  action  of  the  oxygen. 
These  molten  oxides  are  flushed  from  the  cutting  face 
by  the  oxygen  blast,  and  the  cutting  oxygen  continues 
to  react  with  the  iron  powder  and  cut  its  way  through 
the  steel.  The  nonmetallic  flux  in  the  cut^'ng  oxygen 
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^PREHEAT  TO  CHERRY  RED 
BEFORE  STARTING  TO  CUT 


Figure  5-8.  Starting  a  cut. 
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PLAN  VIEW 
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DIRECTION  OP  CUT 


.INCORRECT. 

INSUFFICIENT  PRESSURE 
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DIRECTION  OF  CUT 


-INCORRECT- 

TOO  MUCH  PRESSURE 
OR  INSUFFICIENT  SPEED 
NOTE: 

MINIMUM  DRAG,  ALSO 
SPARKS  FORCIBLY  EJECT- 
ED FROM  BOTTOM  OF  CUT 


DRAG  'direction  OF  CUT 

CUTTING  TIP 

^CORRECT^. 

PROPER  PRESSURE 
&  CUTTING  SPEED 
NOTE: 

PERMISSIBLE  DRAG  AND 
METAL  DROPPING  AND 
ADHERING  TO  UNDERSIDE 
OF  CUT 


SIDE  VIEW  /^flf^ 


INSUFFICIENT  PREHEAT 
  LOSS  OF  CUT 

n~Xi 


END  VIEW 
EXCESSIVE  PREHEAT 
n—n     ROUNDED  TOP 
EDGES 


END  VIEW 

CORRECT  PREHEAT 
SHARP  TOP  EDGES 


END  VIEW 


Figure  5-9.  Cutting  results. 


Stream  combines  chemically  with  the  refractory  oxides 
and  produces  a  slag  of  a  lower  melting  point,  which  is 
washed  or  eroded  out  of  the  cut,  exposing  the  steel  to 
the  action  of  the  cutting  oxygen. 

Without  iron  powder,  cutting  these  steels  is  a 
melting  process.  The  best  way  to  cut  with  the  melting 
method  is  to  lay  a  steel  welding  rod  or  steel  plate  along 
the  line  of  cut  The  heat  developed  by  the  reaction  of  the 
oxygen  with  the  steel  rod  or  plate  is  high  enough  to 
melt  a  slot  in  the  stainless  steel,  and  thus  produce  the 
cut. 


Casi  iron.  Cast  iron  melts  at  a  lower  temperature 
than  its  oxide;  therefore,  in  the  cutting  operation,  the 
iron  tends  to  melt  rather  than  to  oxidize.  To  prevent 
melting,  use  the  oxygen  jet  to  wash  out  and  erode  the 
molten  metal.  To  make  this  action  effective,  the  cast 
iron  must  be  preheated  to  a  high  temperature  and  a 
great  amount  of  heat  must  be  liberated  deep  in  the  cut. 
You  do  this  by  adjusting  the  preheating  flame  to 
produce  an  excess  of  acetylene.  The  length  of  the 
acetylene  stream  and  the  procedure  for  advancing  the 
cut  are  shown  in  figure  5-10.  Using  a  mild  iron  flux  to 
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maintain  a  high  temperature  in  the  deeper  recesses  of 
the  cut  is  also  shown  in  figure  5-10. 

Safe  Cutting  Practices.  During  all  cutting 
operations  you  must  be  alert  to  prevent  damage  to 
equipment  and  injury  to  personnel  from  fire  and 
explosion.  Observe  the  following  rules  to  insure  safe 
operation: 

a.  Never  dismantle  or  salvage  magnesium  parts  with 
an  oxyacetylene  cutting  torch. 

b.  Never  cut  used  drums,  barrels,  tanks,  or  other 
containers  until  they  have  been  thoroughly  cleaned. 
Do  the  cutting  as  soon  after  the  cleaning  as  possible. 

c.  Move  combustible  materials  to  a  safe  location  or 
move  your  work  to  a  safe  distance  f rom  such  materials. 
Set  up  asbestos  or  sheet  metal  guards  if  they  are 
needed. 

d  Do  not  cut  material  in  a  position  that  permits 
sparks,  hot  metal,  or  the  severed  section  to  fall  on  the 
cylinder  hose,  or  on  your  legs  or  feet. 


e.  Always  wear  proper  clothing,  such  as  high  top 
shoes,  gloves,  and  clothing  without  cuffs.  Cuffs  can 
collect  hot  metal  and  cause  a  serious  burn. 

/  Use  a  fire  guard  if  the  work  requires  protection 
against  fire. 

g.  When  you  stop  cutting  for  short  periods,  release 
the  regulator  adjusting  screw.  Close  the  complete 
outfit  down  when  you  leave  the  job. 

Exercises  (836): 

1.  How  does  the  oxygen  stream  affect  the  red  hot 
metal? 


2.  What  is  the  space  called  that  is  developed  in  the 
metal  from  the  cutting  action? 


FOR  RECOMMENDED 
FLAME.   ADJUST  EXCESS 
ACETYLENE  STREAMER 
EQUAL  TO  THICKNESS 
TO  BE  CUT. 


V/ADIRECTIONl 
OF  CUT  / 

  I 

I 

I 


Angle  of  tip  at  start,  and  as 
cut  progresses.  bring  cutting 
tip  up  carefully  to  90  degrees 
to  avoid  losing  cut, 


DIRECTION 
OF  CUT 


CUTTING  JET  SHOULD  JUST 
SWEEP   EDGE  OF  CUT  AS 
SHOWN   IN^A^AND  NOT 
ADVANCE  TOO  DEEPLY  ; 
SHOWN   IN  •'b:  OTHERWISE 
PROGRESS  OF  THE  CUT  WILL 
CEASE.   AND  BLACK  SPOTS  WILL 
DEVELOP     UNDER  THE  CUTTING 
JET. 


DIRECTION 
OF  CUT 


PREHEAT  TOP 
AND  SIDE 


UNDERCUT 
ON  BOTTOM 

BEGIN   AND  MAINTAIN  CUT. 
HOLDING  TORCH  TIP  Vh  TO  2 
INCHES  FROM  CAST  IRON. 


DIRECTION  OF  CUT 


DIRECTION 
OF  CUT 


MOVE  TORCH  TIP  IN  SEMI— CIRCULAR 
MOTIONS   J^— INCH   TO  %  — INCH 
AS  REQUIRED  TC  CLEAR  CUT  IN 
HEAVY  SECTIONS.  LIGHT 
SECTIONS  REQUIRE  REDUCED 
OSCILLATIONS   OF   THE  TORCH 
TIP. 


APPROXIMATE  INTRODUCTION 
ANGLE  OF  FLUX  ROD  OR 
LANCE  TO  ASSIST  CUTTING 
OPERATION. 
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Figure  5-10.  Cutting  cast  iron. 
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3.  How  should  you  adjust  the  niunc  tor  r  itting? 


4.  Which  of  the  metals  discussed  here  is  the  easiest  to 
cut? 


5.  Why  is  safety  of  great  importance  in  cutting 


837.  Given  a  list  of  procedures,  identify  the 
oxyacetylene  cutting  operation  to  which  each  refers. 

Several  cutting  operations  can  be  performed  with 
the  oxyacetylene  process.  Among  these  are  straight 
line  cutting  circular  cutting,  piercing,  beveling,  cutting 
round  stock,  and  flame  gouging. 

Straight  Line  Cutting.  To  perform  straight  line 
cutting  mark  the  line  of  cut  clearly  with  a  center  punch 
or  clamp  a  guide  bar  into  position  to  guide  the  torch 
accurately,  as  shown  in  figure  5-11.  The  latter  method 
is  preferred  for  a  cut  of  any  considerable  length. 

Circular  Cutting.  Circular  cutting  with  a  hand 
cutting  torch  is  done  with  the  circular  cutting 
attachment  shown  in  figure  5-12.  This  attachment  is  a 
rod  with  a  clamp  attached  to  one  end.  The  clamp  fits 
the  torch  head.  You  can  set  the  adjustable  center  point 
on  the  bar  to  the  desired  radius.  When  you  start  the 
cutaway  from  the  edge  of  the  metal,  drill  or  burn  a 
small  hole  through  the  metal  in  the  scrap  portion  a 
short  distance  from  the  circular  outline.  Start  the  cut 
from  the  edge  of  this  hole. 


Piercing.  To  pierce  a  hole,  you  need  more  time  to 
heat  the  metal  to  a  kindling  temperature  than  you  need 
for  edge-starting.  When  the  desired  spot  is  sufficiently 
heated,  raise  the  torch  about  V2  inch  above  the  normal 
position  for  cutting,  and  open  the  cutting  oxygen  valve 
slowly.  After  burning  through  the  metal,  lower  the 
torch  to  the  normal  height  of  the  work  and  complete 
the  cut.  Keep  the  slag  from  plugging  the  cutting  orifice. 
This  will  occur  if  you  hold  the  torch  too  close  to  the 
work  when  you  first  open  the  cutting  oxygen  valve. 

Beveling.  Torch  control  during  beveling  is  more 
difficult  than  for  straight  square-edge  cutting.  The 
speed  at  which  you  move  the  torch  and  the  steadiness 
with  which  you  move  it  are  essential  in  a  smooth  bevel 
cut.  A  line  made  with  chalk  to  indicate  the  top  edge  of 
the  bevel  will  help  you.  Use  a  straight  edge,  clamped 
into  position,  as  a  rest  to  help  you  maintain  the  proper 
torch  angle.  The  angle  made  by  the  cutting  oxygen  with 
the  surface  of  the  metal  produces  the  bevel. 

Cutting  Round  Stock.  To  cut  round  stock,  use  a 
chisel  to  raise  a  burr  on  the  surface  of  the  metal  where 
the  cut  is  to  begin.  The  burr  makes  it  possible  to  start 
cutting  without  prolonged  heating.  Start  the  cut  at  the 
side,  about  90^  from  the  vertical  centerline,  as  shown  in 
figure  5-13.  After  starting  the  cut,  raise  the  torch  to  the 
vertical  position  and  hold  it  in  this  position  for  the 
remainder  of  the  cut.  Hold  the  preheating  flame  at  the 
same  distance  from  the  sutf  ace  of  the  metal  as  you  do 
for  cutting  sheet  stock. 

Flame  Gouging.  By  flame  gouging,  you  can  quickly 
and  accurately  remove  a  narrow  strip  of  surface  metal 
from  steel  plate,  forgings,  and  castings.  Flame  gouging 
differs  from  other  flame  cutting  because  the  cut  does 
not  go  all  the  way  through  the  metal  (fig.  5-14).  By 
using  a  tip  that  deliver  a  relatively  large  jet  of  oxygen  ai 
low    velocity    and   by    properly   controlling  and 


Figure  5-1 1.  Straight  line  cutting. 
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Figure  5-12.  Using  a  circle  cutter. 


manipulating  it,  you  can  gouge  and  smooth,  accurately 
defined  groove  out  of  the  surface  of  the  metal.  Use 
different  tips  and  torch  manipulations  to  vary  the 
width  and  depth  of  the  groove.  In  general,  there  are 
two  gouging  techniques.  In  the  first,  you  make  the 
groove  progressively  across  a  plate,  as  when  you 
remove  metal  from  the  back  of  a  weld  or  when  you 
prepare  remote  cracks  for  welding.  In  the  other,  you 
gouge  out  a  small  area,  as  when  you  remove  isolated 
weld  defects. 

Progressive  gouging.  To  start  the  cut  for  progressive 
gouging,  hold  the  torch  with  the  end  of  the  tip  at  an 
angle  of  about  20°  to  horizontal.  Direct  the  preheat 
name  to  the  starting  point  until  the  surface  reaches  a 
red  heat;  then  gradually  open  the  cutting  oxygen  lever. 
To  start  the  cut,  lower  the  angle  of  the  torch  to  produce 


the  depth  of  cut  required.  The  depth  of  groove  depends 
upon  the  size  of  tip,  the  speed  of  travel,  and  the  angle 
between  the  cutting  oxygen  stream  and  the  work.  To 
cut  a  deep  groove,  increase  the  angle  of  the  torch  in 
relation  to  the  groove  and  decrease  the  speed 
correspondingly.  To  make  a  shallow  groove,  reverse 
the  procedure.  The  contour  of  the  groove  depends 
upon  the  characteristics  of  the  tip  and  the  operating 
conditions.  If  the  cutting  oxygen  pressure  is  too  low, 
the  cutting  has  a  washing  effect,  leaving  ripples  in  the 
bottom  of  the  groove.  The  effect  of  a  too  high  cutting 


Figure  5-13.  Cutting  round  stock.  Figure  5-14.  Flame  gouging. 
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pressure,  especially  in  the  shallow  groove,  is  to  advance 
the  cut  nearest  the  surface, ahead  of  the  rest  of  the 
molten  zone,  resulting  in  loss  of  cut. 

Spot  gouging.  To  gouge  out  a  single  spot,  as  in  spot 
gouging  a  weld  defect,  first  mark  on  the  surface  the 
area  to  be  removed.  Adjust  the  preheat  flame  to 
slightly  oxidizing.  Preheat  a  point  slightly  to  the  rear  of 
the  defect  and  start  the  cut  in  the  usual  way.  Gradually 
increase  the  torch  angle  so  that  the  oxygen  jet  is 
directed  downward,  making  the  cut  increasingly 
deeper.  You  can  detect  defects  during  gouging  because 
they  appear  as  dark  spots  in  the  molten  zone.  Hold  the 
torch  with  the  preheating  flame  approximately  1/16 
inch  above  the  plate  surface  during  the  cut.  Use  an 
oxidizing  preheat  flame,  because  it  provides  a 
sufficient  amount  of  concentrated  heat  for  starting  and 
eliminates  the  need  for  raising  a  burr  to  help  start  the 
cutting. 


Exercises  (837): 

L  Match  each  procedure 
cutting  operation: 

 I.  Hold  the  torch  with  the 

preheating  flume  about 
1/ 1 6  inch  above  the  plate 
surface. 

 2.  Clamp  a  guide  bar  into 

position. 
 3.  Hold  the  torch  with  the 

end  of  the  tip  about  20*^ 

to  horizontal. 
 4.  Set  the  adjustable  center 

point    to    the  correct 

radius. 

 5.  Remove  surface  metal. 

 6.  Raise  the  torch  about  '/^ 

inch  above  the  normal 
position  and  open  the 
cutting  oxygen  valve 
slowly. 

 7.  Raise   a   burr  on  the 

surface  where  the  cutting 
is  to  begin. 

 8.  Use    a    chalk   line  to 

indicate  the  top  edge  and 
a  clamped  straightedge 
as  a  rest. 


with  the  correct  type  of 


Straight  liiie  cutting. 
Circular  cutting. 
Piecing. 
Beveling. 

Cutting  round  stock. 
Flame  gouging. 
Progressive  goui_;ing. 
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CHAPTER  6 


Forging 


IN  THIS  CHAPTER  \vc  will  discuss  one  of  the  many 
other  applications  of  oxyacctylcnc  welding:  forging. 
Wc  will  examine  forging  in  three  areas:  temperatures, 
operations,  and  heat  treating. 

6-1,  Forging. 

The  oldest  process  for  joining  metal  narts  is  forge 
welding,  a  process  used  by  the  village  blacksmith. 
Today,  the  forge  and  the  sledge  hammers  have  ocen 
replaced  almost  completely  by  a  variety  of  welding 
processes  for  fabricating  and  welding  metals  and  their 
alloys.  Occasionally,  however,  small  tools,  rings,  and 
hooks  are  forj^ed,  and  various  hammering  operations, 
such  as  drawing,  upsetting,  and  bending  are  needed. 

If  the  forging  process  is  properly  carried  out.  it  does 
not  daniage  the  metal;  in  fact,  it  actually  improves  it. 
The  grain  structure  is  refined  because  the  large  grains 
are  broken  up  to  form  a  fine  grain  structure. 

838.  State  the  heat  colors  of  steel  in  their 
corresponding  forging  temperature. 

Temperatures.  Steel  is  forged  at  temperatures  that  ar 
well  above  the  critical  range  but  also  well  below  the 
melt  point.  Normally  (not  always),  you  will  be 
equipped  with  temperature  sticks,  crayons,  or  drops. 
These  measuring  device  indicate  the  temperature  of 
heated  steel  to  within  a  workable  tolerance.  If  you  do 
not  have  temperature  measuring  equipment  you  must 
judge  temperature  by  the  color  of  the  hot  iron  or  steel. 

For  good  forging,  you  must  heat  the  metal 
uniformly.  A  parts  should  be  at  the  same  temperature 
all  the  way  through  Too  rapid  heating  expands  the 
metal  unevenly  and  starts  cracks.  This  is  especially 
dangerous  in  high  carbon  or  high  alloy  steel.  Forging 
temperatures  that  are  too  high  produce  a  large  grain 
size  in  the  finished  product.  If  you  overheat  the  metal, 
there  will  be  holes  or  oxide  inclusions  in  the  finished 
product.  This  is  commonly  called  burning.  Oxide 
forms  as  a  crust  on  metal  that  is  heated  excessively  and 
the  niet  may  overlap  the  oxide,  forming  a  weak  spot. 
Forging  at  temperatures  that  are  too  low  leaves  the 
steel  highly  stressed,  a  condition  to  avoid,  as  it  shortens 
the  life  of  the  finished  product.  If  stresses  do  occur,  you 
can  correct  them  by  heat  treating. 

Now  look  at  figure  6-1.  Note  that  when  the  heated 
steel  reaches  a  dull  orange  color  at  slightly  above  2 1 00° 
F.,  it  can  be  forged.  For  pieces  requiring  more  forging, 
heat  to  higher  temperatures.  Continue  forging  until  the 
color  changes  to  a  cherry  or  full  red  at  some  point 


between  \.mr  F.  and  1,400^  F.  Continue  until  the  full 
red  color  begins  to  change  to  dark  cherry  red  and  strike 
the  final  for.^ing  blows  at  this  point.  If  you  do  not 
ci^ntinnc  to  this  lower  temperature,  the  structure  of  the 
sicel  will  be  weakened  and  the  grains  will  "grow'"  to 
larger  si/e  because  of  the  heat  retained  in  the  steel. 
Exercises  (838): 

Refer  to  text  figure  6-1  to  answ  er  some  of  the  follov^^ing 
questions. 

1.  What  color  is  steel  in  the  upper  forging  limit? 


What  color  and  temperature  is  steel  with  0.8  percent 
of  carbon  before  it  enters  the  "Danger  of  Burning 
zone? 


3.  Between   what   forging   temperatures   do  steels 
change  to  a  cherry  or  full  red? 


4.  Forging  operations 

reaches  a  

the  color  -  


may  begin  when  the  steel 
— color  and  should  stop  when 


-WHITE 


-UOMT  YELLOW 


DULL  ORAHOe 

ORANGE 

SALMON 

BRIQKT  RED 
BRK3HT  CHERRY 
CHERRY  OR  njLL  RED 
MEDIUM  CHERRY 
DARK  CHERRY 


KXX) 


BLOOD  RED 


0l2  04  06  08  10  12 
PER  CENT  OF  CARBON 


Figure  6-1.  Forging  temperatures. 
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Figure  6-2.  Drawing  flat  slock. 
839.  SpecFfy  the  techniques  used  in  forging. 

Operations.  When  they  are  healed  to  the  proper 
forging  temperatures,  steel  and  soft  iron  can  be 
hammered  into  almost  any  shape.  The  forging 
operations  are  called  drawmg,  upsetting,  and  bending. 

Drawing.  To  draw  is  to  work  a  piece  of  metal  to 
increase  its  length  or  width,  or  both,  and  to  reduce  its 
cross  secton.  To  increase  both  length  and  width, 
hammer  the  metal  over  the  flat  face  of  the  anvil.  To 
increase  the  length  only,  hammer  the  metal  over  the 
anvil  horn,  as  shown  in  figure  6-2.  The  horn  acts  as  a 
blunt  wedge  to  spread  the  metal  and  force  it 
lengthwise.  Round  stock  can  be  drawn  out  to  a  point 
tip  by  the  method  shown  in  figure  6-3.  Forge  it  square 
first,  then  octagonal,  and  then  round  again.  Forge  it 
with  as  few  blows  as  possible.  Try  to  do  all  the  forging 
without  reheating. 

Upsetting.  Upsetting  is  the  reverse  of  drawing.  The 
length  is  decreased  and  the  cross  section  is  increased.  A 
higher  temperature  is  required  for  upsetting  than  for 
drawing.  The  temperature  must  be  near  the  upper 
forging  limit.  You  can  upset  a  short  piece  of  steel  by 
placing  it  on  the  anvil  and  striking  it  with  a  hammer  or 
sledge.  Hold  longer  pieces  with  tongs.  If  a  long  piece 
bends  as  it  is  being  upset,  straighten  it  immediately. 
Heat  only  the  portion  of  the  metal  to  be  upset. 
Upsetting  may  be  done  by  the  method  shown  in  figure 
6-4. 

Bending.  Square  and  angle  bends  are  formed  over  an 
edge  of  the  anvil  face,  as  shown  in  figure  6-5.  A  helper 
holds  the  metal  down  with  a  heavy  sledge.  Note  that 
you  start  the  bend  at  the  end  of  the  piece  and  not  at  the 
point  of  bend.  The  bend  may  be  finished  square  inside 
or  outside  or  rounded.  If  you  need  an  inside  radius, 
bend  the  metal  over  a  rounded  corner  of  the  anvil.  An 
angle  bend  is  stronger  if  the  area  to  be  bent  is  enlarged 
by  upsetting.  To  upset  the  rod  or  bar,  heat  it  at  the 
point  of  bend  and,  holding  it  vertically  by  one  end, 
strike  the  other  end  against  the  floor.  Then  bend  the 
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Figure  6-3.  Drawing  round  stock. 
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A.  Hori;ontal  upsetting 

B.  Angular  upsetting 

C.  Vertical  upsetting 

Figure  6-4.  Upsetting. 

rod  or  bar  in  a  vise  or  over  an  anvil  to  the  desired  angle, 
using  the  extra  metal  to  reinforce  the  bend.  Start 
curved  bends  over  the  rounded  anvil  horn,  as  shown  in 
figure  6-6.  Remember  that  you  start  the  curve  at  the 
end  of  the  piece. 

Rings  are  also  forged  in  this  way.  One  method  of 
bending  an  eye  is  illustrated  step  by  step  in  figure  6-7. 
Start  the  bend  over  the  edge  of  the  anvil  (slep  1)  and 
complete  it  around  the  horn  to  desired  size  (steps  2,  3, 
and  4).  Figure  6-8  illustrates  forged  parts. 

Exercises  839: 

1.  When  a  piece  must  be  made  thicker  at  one  end,  the 
operation  is  known  as  

2.  Where  are  most  forging  bends  started? 


3.  What  can  you  do  to  reinforce  curved  bends? 


Figure  6-5.  Square  bending. 
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Figure  6-6.  Bending  curves. 


4.  The     forging     operation     in     which  is 
lengthened  or  widened  is  known  as  


840.  Cite  factors  in  stress  relaevlng  and  tempering. 

Stress  ReHeving.  Stress  relieving  is  a  heat  treating 
operation  to  relieve  stresses  induced  by  forging, 
welding,  forming,  and  machining.  The  temperature  for 
stress  relieving  is  usually  1,200°  F.  The  metal  must  cool 
slowly,  as  in  furnace  cooling.  If  the  metal  cools  rapidly, 
no  structural  change  occurs,  but  the  minor  stresses  set 
up  during  cooling  can  lead  to  later  failure  of  the  part. 
To  eliminate  this  danger,  you  must  apply  enough  heat 
to  practically  anneal  the  metal,  but  above  the  low 
critical  point.  Frequently,  steels  that  can  be  hardened 
require  stress  relieving. 

Tempering.  Color  tempering  is  based  on  the  oxide 
color  that  appear  on  the  surface  of  steel  as  it  is  heated. 
If  the  surface  is  polished  and  the  hardened  steel  is 
heated  slowly,  the  surface  turns  various  colors,  which 
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Figure  6-7.  Rending  an  eye. 
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Figure  6-8.  Forged  parts. 

are  approximate  indications  of  temperatures.  Figure 
6-9  shows  the  temperatures  according  to  the  colors  of 
tempering  steel  In  soft  steel,  these  colors  indicate  no 
structural  change;  but  in  hardened  carbon  steel,  they 
denote  changes  that  correspond  to  specific 
temperatures.  When  the  proper  color  appears,  quench 
the  part  rapidly  to  prevent  further  structural  change.  In 
color  tempering,  the  surface  of  the  steel  must  be  free  of 
oil  and  reasonably  smooth,  like  the  smoothness 
produced  by  a  coarse  emery  wheel.  You  can  heat  the 
part  with  a  torch,  in  a  furnace,  over  a  hotplate ,  or  by 
radiation. 

Cold  chisels  and  similar  tools  must  have  hard  cutting 
edges  and  softer  bodies  and  headi:,  with  the  head  tough 
enough  to  prevent  its  shattering  when  you  strike  the 
chisel  wi^h  a  hammer.  The  cutting  edge  must  be  more 
than  twice  as  hard  as  the  head,  and  the  zone  separating 
the  two  must  be  blended  carefully  to  prevent  the 
development  of  a  line  of  demarcation.  A  method 
frequently  used  to  color  temper  chisels  and  similar 
tools  is  to  heat  the  cutting  end  with  the  hot  end  of  the 
same  tool.  To  harden  and  temper  a  cold  chisel  by  this 
method,  heat  the  entire  tool  to  the  proper  hardening 
temperature,  then  quench  the  cutting  end  only.  Bob  the 
chisel  up  and  down  in  ths  bath,  always  keeping  the 
cutting  edge  below  the  surface.  The  head  air-cools  and 


Very  light  straw    430* 

Straw   445« 

Dark  straw    470* 

Brown  or  bronze    490* 

Bronze  dappled  with  purple   510* 

Purple   330* 

Dark  blue   55o» 

Bright  blue   **  570* 

Palo  blue   600* 

Bluish  gray    640* 


Figure  6-9.  Color  temperature  indications. 
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the  cutting  edge  quenches  rapidly.  The  head  becomes 
tough,  the  cutting  edge  hardens  fully,  and  the  two 
structures  blend  properly. 

When  the  cutting  end  has  cooled,  remove  the  chisel 
from  the  bath,  quickly  polish  the  cutting  end  with  a 
buff  stick  (emery)  so  that  you  can  watch  the  polished 
surface  as  the  heat  from  the  opposite  end  feeds  back 
into  the  quenched  end.  As  the  temperature  of  the 
hardened  end  increases,  oxide  colors  appear, 
progressing  from  a  pale  yellow,  throug  the  straw  colors 
to  the  blues,  as  shown  in  figure  6-9.  As  soon  as  the 
correct  shade  of  blue  appears  on  the  cutting  edge,  the 
body  and  head  will  have  cooled  in  the  air  to  below  the 
critical  point  and  will  not  be  hardened  during  the  final 
quench.  When  the  process  just  described  is  completed, 
the  chisel  is  hardened  and  temperated  and  needs  only 
to  be  ground  to  be  ready  for  use.  A  slight  stress  is  set  up 
by  the  quench  from  the  tempering  temperature,  but  it  is 
minor. 

During  color  tempering,  you  must  have  favorable 
light,  and  you  must  turn  the  part  from  side  to  side  so 
that  you  can  see  the  colors.  You  obtain  the  same 
structure  as  you  obtain  when  you  heat  the  part  in  a 
furnace  with  accurate  temperature  controls,  but  your 
chance  of  error  is  greater  if  you  depend  upon  visual 
temperature  indications. 


Exercises  (840): 

1.  What   type   of  steel  frequently  requires  stress 
relieving? 


2.  To  eliminate  stress,  how  hot  must  the  metal  be  and 
how  is  it  cooled? 


3.  At  what  temperature  will  a  dark  straw  color  appear 
when  steel  is  tempered? 


4.  What  color  should  appear  on  the  steel  when  the 
final  quench  is  performed  in  the  tempering  process? 


5.  When  you  are  tempering  a  cold  chisel,  why  do  you 
polish  the  cutting  end  quickly  when  it  has  cooled? 
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ANSWERS  FOR  EXERCISES 


Reference; 
800  -  1. 


Chapter  I 


Stationary  outfits  are  supplied  ,om  manifolded 
cylinders,  and  portable  outfits  arc  supplied  from  portable 
tanks. 

To  within  12  »/4  to  15  feet  of  the  welding  outfit. 
Until  that  one  part  is  repaired  or  replaced. 

Single-stage  regulator. 
Acetylene  gas. 

Welding  goggles,  flint  lighter,  and  Tire  extinguisher. 
In  the  mi.xing  head  and  torch  tip. 
The  slot  is  the  correct  size  to  tighten  all  connection.s. 
To  keep  acetone  from  escaping. 

Replace  the  safety  cap.  mark  the  cylinder  "MT."  and 
secure  it  in  an  upright  position  and  separated  from  other 
type  cylinders  in  the  empty  area. 

Oxygen  is  under  great  pressure,  and  a  broken  valve  or 
pierced  cylinder  could  make  a  missile  out  of  the  cylinder 
and  cause  injury  and  damage. 

The  cylinder  is  filled  with  acetone  to  40  percent  of  its 
liquid  volume,  allowing  space  for  expansion  as  the 
acetone  absorbs  t:;e  acetylene  and  stabilizes  it  under 
pressure. 

802  -  1.  To  blow  out  any  dirt  which  may  be  lodged  in  the  outlet 
nipple. 

802  -  2.  Oxygen  valves  are  opened  fully.  Acetylene  valves  are 

opened  no  more  than  one-half  turn. 
802  -  3.  Torch  wrench. 

802  -  4.  Acetylene  threads  are  left-handed,  and  oxygen  threads  arc 
right-handed. 


800  -  2. 

800  -  3. 

801  -  1. 
801  -  2. 
801  -  3. 
801  -  4. 
801  -  5. 
801  -  6. 
801  -  7. 


801  -  8. 


801  -  9. 


803 
803 

803 
803 

803 
804 


804 
804 

80S 


804  -  2. 


805  -  2. 


805 
805 

806 
806 

807  ■ 

807  - 

807  - 

807  - 

808  ' 


The  acetylene  valve. 

Direct  the  flume  away  from  yourself  and  anything 
flammable. 

Keep  your  hand  at  one  side  of  the  tip. 

The  disappearance  of  the  feather  at  the  end  of  the  central 

cone. 

Within  the  inner  cone  of  the  flame. 

The  gas  volnme  is  one  to  one  in  a  neutral  flame.  There  is 
slightly  more  than  1  volume  of  oxygen  to  1  volume  of 
acetylene  in  an  oxidizing  flame. 

Oxidizing  flame  with  a  temperature  of  approximated 
6.300^^  F. 

An  excessive  amount  of  acetylene  in  the  flame. 
The  presence  of  three  distinct  flame  cones. 

To  prevent  the  fire  from  moving  through  the  hose  and 
regulator  into  the  supply  line  or  cylinder  an  causing  an 
explosion. 

To  relieve  the  pressure  on  the  regulator  diaphragm  and 
prevent  damage  to  it. 
The  acetylene  valve. 

A  flashback  is  the  burning  of  the  acetylene  gas  inside  the 
torch.  It  is  indicated  by  a  high-pitched  whistle. 

Be  sure  the  gas  supply  is  shut  off. 
Replace  the  cylinder  valve  safety  cap. 

A  container  of  soapy  water,  a  brush,  and  a  bucket  of  clear 
water. 

Brush  the  soapy  water  on  the  connection.  If  it  bubbles,  it 
leaks. 
Ten. 

Submerge  them  in  the  bucket  of  clear  water  and  watch  for 
bubbles. 

The  working  pressure  gage  after  the  cylinder  valve  is 
opened. 


808 
808 
808 

809 
809 
809 


809 
810 

810 
810 


815 

815 
815 
815 

816 
816 
816 


Fluctuating  gage  pressure;  gas  leaking  from  the  gage  case. 

3.  Replace. 

4.  Manufacturer. 


1 .  Number  1  tip  cleaner.  To  keep  from  en'arging  the  orifice. 

2.  To  prevent  enlarging  the  orifice. 

3.  Yrs.  because  too  much  cleaning  will  eventually  enlarge  the 
orifice. 

809  -  4.   Stop  using  it  and  check  the  tip  seats  for  nicks  or  flat  spots; 

and  if  you  find  any.  replace  the  tip.  Also  check  the  torch 
seats.  Leaking  gas  can  produce  flashback. 
5.    1  o  prevent  name  distortion. 

1 .  Low  carbon  steel,  medium  carbon  steel,  high  carbon  steel, 
and  high  carbon  tool  steel. 

2.  Medium  carbon  steel. 

3.  High  carbon  content  and  the  heat  treatment  needed  to 
develop  special  mechanical  properties. 

810-  4.   You  should  stress-relieve  this  steel  by  heating  it  uniformly 

to  a  temperature  between  1.200°  F.  and  1.450°  F.  and 
cooling  it  slowly. 

811  -  1.   Metal  thickness  and  its  rate  of  heat  conductivity  and 
radiation. 

811-  2.   It  produces  excessive  heat,  burns  the  weld  metal,  and 

produces  a  weak  weld. 

811  -  3.  The  type  depends  upon  the  type  of  the  metal  welded  and 

the  size  depends  on  the  thickness  of  the  metal  welded. 

812  -  1.  Raise  and  lower  the  flame  with  a  slightly  circular  motion 

while  progressing  in  a  forward  direction  to  make  beads 
without  a  rod.  Move  the  flame  slightly  side  to  side  when 
using  a  rod. 

812-  2.   Hold  the  torch  tip  at  a  45°-860°  angle  to  the  plate  surface 

with  the  flame  always  pointed  in  the  direction  of  welding. 
812  -  3.   In  the  backhand  method,  positioning  the  welding  rod  and 
tip  requires  less  transverse  motion. 

812  -  4.   By  the  speed  of  welding  and  the  amount  of  metal 

deposited  from  the  weld  rod. 

813  -  1.  Flat,  vertical,  horizontal,  and  overhead, 
813  -  2.   Force  of  gravity  upon  the  molten  pool. 

813  -  3.   The  parts  are  at  an  angle  greater  than  45°.  and  the  seam 
runs  vertically. 

813  -  4.   Keep  the  tip  at  an  angle  of  45°  to  the  plate  surface  and 

inclined  slightly  in  the  vertical  plane.  The  seam  runs 
parallel  to  the  flat  surface. 

814  -  1.  Square  weld. 

814-2.  By  the  weld  symbol  on  the  side  of  the  reference  line  toward 

the  reader. 
814  -  3.  Fillet. 


1.  Single-fillet  lap  joint,  double-fillet  lap  joint,  and  joggled 
lap  joint. 

2.  Joggled  lap  joint. 

3.  Fillet  welds. 

4.  Double-fillet. 
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1.  1/16  inch  minimum. 

2.  Slightly  convex. 

3.  Upper  leg  should  equal  the  thickness  (T)  of  the  base  metal; 
the  lower  leg  should  equal  1  '/2  times  T. 

816  -  4.  Penetration. 

817  -  1.   Rigid  and  open. 
817  -  2.    1  '/4  inches. 

817  -  3.  Special  edge  preparation  is  not  required. 
817  -  4.   Horseshoe  shape. 

817  -5.  Use  the  correct  tip  size,  use  the  correct  welding  rod,  adjust 
the  flame  properly,  and  manipulate  the  torch  and  rod 
properly. 

817  -  6.   100  percent  penetration  for  all  butt  joints. 
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818  -  1.  ^/iinch. 

818  -  2.  To  allow  the  use  of  the  welding  heat  to  the  greatest 
advantage. 

818  -  3.  To  the  upper  edge  of  the  molten  pool. 

818  -  4.   Approximately  60°  from  horizontal. 

819  -  1.  To  join  the  edges  of  sheet  metal  and  to  weld  reinforcing 

plates  in  flanges  of  I-beams  or  edges  of  angles. 
819-2.   Boxes,  box  frames,  tanks,  and  similar  fabrications. 

820  -  1.  a.  Unstabilized.  f.  Stabilizeo. 

b.  Unstabilizcd.  8-  Stabilized. 

c.  Unstabilized.  h.  Unstabilizcd. 

d.  Stabilized.  >•  Unstabilized. 

e.  Unstabilized. 

820  -  2.   Aircraft  exhaust  manifolds  and  expansion  joints. 

820  -  3.   Unstabilizcd  group. 

821  -  1.   Carbide  precipitation,  warpage.  and  oxidation. 
821  -  2,   Stabilized  group  such  as  321  or  347. 

821  -  3.  Because  of  the  high  coefficient  of  expansion  and  the  low 
heat  conductivity. 

821  -  4.   By  using  a  slightly  carburizing  flame  and  by  applying  flux 

to  heat-affected  areas  not  protected  by  the  flame. 

822  -  1.  The  penetration  does  not  extend  to  the  bottom  of  the 

joint. 

822  -  2.  Forehand  welding. 

822  -  3.  To  permit  a  close  fit  up. 

822  -  4.  To  prevent  the  oxidation  of  the  rod.  which  would  be 

transferred  to  the  weld. 

823  -  1.  Reflux  the  joint. 

823  -  2.  Remove  all  scale,  oxides,  grease,  and  oil  from  the  surface. 

and  space  the  oper.  end  of  the  joint  Hinch  per  foott  of 
seam  length. 

823  -  3.  The  tip  for  welding  stainless  steel  is  one  or  two  sizes 
smaller  than  the  tip  used  for  the  same  thickness  of  carbon 
steel. 

823  -  4.  The  Hame  should  be  "feathered  off." 

824  -  1.  A  maxinnum  of  1  '/4  inches  apart. 

824  -  2.  Bevel  the  vertical  plate  and  clean  the  edge  of  that  plate  and 

the  surface  of  the  other  plate  to  remove  all  oxides,  grease. 

and  oil.  Be  sure  there  are  no  burrs  to  hinder  spacing. 

Space  the  vertical  plate  1/32  inch  above  the  horizontal 

plate  and  tack  weld. 
824  -  3.  To  prevent  cracks  from  forming  along  the  line  of  weld. 

824  -  4.   By  proper  joint  preparation,  proper  and  sufficient 

fluxing,  and  using  correct  wwelding  techniques,  such  as 
feathering  off. 

825  -  1.   Weight;  wear  resistance;  rigidity;  high  compression 

strength. 

825  -  2.  Hardness  is  necessary  and  where  good  wear  and  abrasion 
resistance  are  required. 

825  -  3.   Gray  cast  iron;  whi.:.  cast  iron;  malleable  cast  iron. 

826  -  1 .    Lightly  touch  apart  of  the  casting  to  a  high-speed  grinding 

wheel. 

826  -  2.  By  the  ease  with  which  the  metal  is  chipped  and  the  form 
of  the  chip. 

816  -  3.  Compare  its  spark  stream  with  that  of  a  known  metal. 
826  -  4.    In  color,  density,  shape,  and  length. 

826  -  5.    Gray  cast  iron  to  some  extent;  malleable  cast  iron  to  a 

greater  extent. 

827  -  1.  To  reduce  the  expansion  and  contraction  that  cause 

distortion,  cracks,  and  breaks. 
827  -  2.   Clean  the  casting  and  drill  a  small  hole  at  the  end  of  the 

crack  to  keep  the  crack  from  spreading. 
827  -  3.  The  tip  should  be  slightly  larger  than  the  tip  used  for  the 

same  thickness  of  steel. 
'27  -  4.    Backhand  method. 

27  -  5.  To  keep  oxides  and  impurities  out  of  the  welded  by 
floating  them  to  the  surface. 
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828  -1.  Only  local  cheating. 

828  -  2.  Brazing  has  little  effect  upon  malleability  because  of  the 

lower  temperature  needed. 
828  -  3.  A  physical  bond. 

828  -  4.  Most  brazed  joints  are  aimosl  a.s  strong  as  welded  joints. 

with  no  effect  upon  the  base  metal's  properties, 

829  -  1.  Sandblast  or  sear  the  edges  to  remove  the  free  carbon. 
829  -  2.  Progress  only  as  fast  as  the  tinning  progresses. 

829  -  3.  Neutral. 

829  -  4.  For  brazing,  all  sharp  corners  are  removed  to  produce 

round  edges  and  a  smooth  surface, 

830  -  1 .  Hard  facing  affects  hardness,  toughness,  shock  resistance, 

wear  resistance,  and  other  special  qualities. 
830  -  2.  Because  of  their  britllencss  and  the  shrinkage  cracks  that 
develop  in  the  base  metal  after  hard  facing. 

830  -  3.  High-speed  steels,  brasses  and  bronzes,  copper  and 

copper  alloys,  and  aluminum  and  aluminum  alloys. 

831  -  1.  Carburizing. 

831-2.  Corners  and  edges  are  rounded  before  hard  surfacing. 

831  -  3.  It  should  be  two  sizes  larger. 

831  -  4.  They  are  sweated  onto  a  base  metal  of  steel. 

831  -  5.  False. 

831  -  6.  Some  hard-facing  alloys  are  puddled  into  the  base  metal, 

and  others  are  merely  sweated  onto  it. 

832  -  1.  I,175*»  F.  to  1.600*»  F. 
832  -  2.  Capillary  attraction. 
832  -  3.  800**  F. 

832  -  4.  Joint  fitup  and  the  "uality  of  the  bond. 

833  -  1.  Neutral  to  slightly  carburizing. 

833  -  2.  Most  of  the  heat  should  be  applied  on  the  thicker  metal. 
833  -  3.  Complete   cleaning   is   necessary  to  insure  uniform 
capillary  attraction  throughout  the  joint. 

833  -  4.   a.  Sandblasting. 

b.  Chemical  cleaner —  trichloroethylene  or  trisodium 
phosphate. 

c.  Hot  water. 

834  -  1 .  Oxyacetylene  flame  healing,  wiping,  sweating,  or  dipping 

in  a  solder  bath. 

834  -  2.  The  parts  must  be  cleaned  of  oxide,  scale,  oil.  and  dirt, 

and  must  be  adequately  fluxed  and  fitted  together. 
834  -  3.  The  higher  the  lead  content,  the  higher  the  melting  point. 

834  -  4.   Indirect  heating. 

835  -  I .   It  converts  a  welding  torch  to  a  cutting  torch  and  is  used 

for  intermittent  cutting  of  lighter  sections. 
835  -  2.  30°. 
835  -  3.  Preheating. 
835  -  4.  Two. 

835  -  5.   One  in  which  several  torches  perform  identical  cutting 

actions  at  the  same  time. 

836  -  1 .  The  oxygen  stream  combines  with  the  hot  metal  to  burn  it 

to  an  oxide,  which  generates  the  intense  heat  used  for 
cutting. 
836  -  2.  Kerf. 

836  -  3.  use  the  torch  needle  values  to  adjust  the  flame  to  neutral. 
Then  open  the  cutting  oxygen  valve  and  adjust  the  flame 
to  neutral  again. 

836  -  4.    Plain  carbon  steel  (no  more  than  0.35  percent  carbon). 

836  -  5.    During  all  cutting  operations,  you  are  dealing  with  intense 

heat,  fire,  and  the  possibility  of  explosion. 

837  -  1.  h. 

2.  a. 

3.  g. 

4.  b. 

5.  f. 

6.  c. 
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7.  e. 

8.  d. 

838  -  1.  White. 

838  -  2.  Light  yellow  and  2,000°  F. 

838  -  3.  1,300°  F.  to  1,400°  F. 

838  -  4.  Dull  orange,  begins  to  change  to  a  dark  cherry  red. 

839  -  1.  Upsetting. 

839  -  2.  Most  bends  start  at  the  end  of  the  piece  to  be  bent. 


839  -  3.   Before  bending,  upset  the  piece  at  the  point  of  bend. 

839  •  4.  Drawing. 

840  -  1.    Steel  that  can  be  hardened  frequently  requires  stress 

relieving. 

840  -  2.    1,200°  F.  and  cooled  very  slowly. 
840  -  3.  470'*. 
840  •  4.  Blue. 

840  -  5.    So  you  can  see  the  colors  change  when  the  cutting  end 
reheats. 
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S  T  O  P  - 


1 .  MATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUMBER. 

2.  USE  NUMBER  2  PENCIL  ONLY. 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 


55252  05  22 


OXYACETYLENE  W  ELDiNG 


Carefully  read  the  following: 
DO's: 

1.  Check  the  "course/'  '*voliimc/'  and  'Morm''  numbers  from  the  answer  sheet  address  tab  against  the 
''VRE  answer  sheet  identification  number''  in  the  righthand  column  of  the  shipping  list.  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a  note  of  explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each  column. 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet. 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item.  (When  voii  review  for  the  course 
examination,  you  can  cover  your  answers  with  a  strip  of  paper  and  then  check  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  answers,  transfer  them  lo  the  answer  sheet.  If 
you  have  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments  through  your  unit  trainer  or  OJT 
supervisor.  If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17. 


1 .  Don't  use  answer  sheets  other  than  one  furn'shed  specifically  ;or  each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  maiks  or  excessive  markings 
which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4.  Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the  VRE  is  the  Learning 
Objective  Number  where  the  answer  to  that  item  can  be  located.  When  answering  the  items  on  the 
VRE,  refer  to  the  Learning  Objectives  indicated  by  these  Numbers,  The  VRE  results  will  be  sent  to 
you  on  a  postcard  which  will  list  the  actual  VRE  items  you  missed.  Go  to  the  VRE  booklet  and 
locate  the  Learning  Objective  Numbers  for  the  items  missed.  Go  to  the  text  and  carefully  review  the 
areas  covered  by  these  references.  Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 
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MULTIPLE  CHOICE 


Note  to  Student:  Consider  all  choices  carct'iiliy  and  select  the  best  answer  to  each  question. 

1 .  (800)  Which  welding  ouU  it  uses  single-stage  regulators  and  why? 

a.  Portable,  low  pressure  tanks 

b.  Portable,  high  pressure  tanks. 

c.  Stationary,  manifold  supplies  low  pressure. 

d.  Stationary,  maniTold  supplies  high  pressure. 

2.  (801)  The  purpose  of -x  single-stage  regulator  in  oxyacetylene  welding  equipment  is  to  reduce 

a.  cylinder  pressure  to  working  pressure. 

b.  line  pressure  to  cylinder  pressure. 

c.  manifold  pressure  to  line  pressure. 

d.  tank  pressure  to  torch  pressure. 

3.  (801)  Oxygen  and  acetylene  hoses  are  colored 

a.  red  and  green,  respectively. 

b.  green  and  black,  respectively . 

c.  green  or  black  and  red  or  maroon,  respectively. 

d.  red  or  black  and  maroon  or  green,  respectively. 

4.  (802)  When  assembling  oxyacetylene  equipment,  the  acetylene  cylinder  valve  is  opened  a  maximum  of 

a.  one  tum.  c.  one  and  one-half  turns. 

b.  one-half  tum.  d.  one  and  one-quarter  turns. 

5.  (802)  A  safety  feature  in  the  assembly  of  oxyacetylene  equipment  is  that 

a.  acetylene  connections  have  left-handed  threads  and  oxygen  connections  have  right-handed  threads. 

b.  acetylene  connections  have  right-handed  threads  and  oxygen  connections  hvve  left-handed  threads. 

c.  all  connections  have  right-handed  threads. 

d.  all  connections  have  left-handed  threads. 

6.  (803)  When  adjusting  regulators  for  working  pressure,  the  torch  valves  are 

a,  opened.  c.  either  opened  or  closed. 

b.  closed.  d.  opened  together. 

7.  (803)  When  lighting  the  welding  torch  you  should  always  use 

a.  safety  matches.  c.  an  electric  sparker. 

b.  a  flint  igniter.  d.   a  torch  igniter. 

8.  (804)  The  temperature  of  a  neutral  oxyacetylene  welding  tlame  is 


a.  5700  degrees  F. 

b.  5750  degrees  F. 


c.  5850  degrees  F. 

d.  6300  degrees  F. 
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10. 


11. 


12. 


13. 


14. 


15 


16 
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(804)  The  neutral  flame  is  produced  by  mixing  approximately 

a.  one  part  of  acetylene  to  one  part  of  oxygen. 

b.  open  and  one-half  parts  of  acetylene  to  one  part  of  oxygen. 

c.  one  and  one-half  parts  of  acetylene  to  two  parts  of  oxygen. 

d.  one  part  of  acetylene  to  one  and  one-half  parts  of  oxygen. 

(805)  When  closing  down  welding  equipment,  the  regulators  are  bled  primarily  to 

a.  clean  out  the  hoses. 

b.  prevent  relighting  of  the  torch. 

c.  release  pressure  on  the  diaphragm. 

d.  release  pressure  on  the  torch  valves . 


(805)  If  a  flashback  occurs  in  oxyacetylene  welding  equipment,  the  correct  action  to  take  is  to  first  close  the 

a.  acetylene  valve. 

b.  acetylene  valve  and  then  the  oxygen  valve. 

c.  oxygen  valve  and  then  the  acetylene  valve. 

d.  oxygen  and  acetylene  valves  simultaneously. 

(806)  When  disassembling  welding  equipment,  you  must  first 

a.  bleed  the  regulators.  c.  disconnect  the  cylinders. 

b.  turn  off  the  gas  supply.  d.  remove  the  cylinder  safety  cap. 

(806)  Part  of  disassembly  of  oxyacetylene  welding  equipment  is  to 

a.  tighten  the  union  nut. 

b.  safety  cap  cylinders  or  lines. 

c.  check  the  regulators  for  leaks. 

d.  check  the  high  pressure  in  the  cylinders. 


(807)  Welding  aoparatus  connections  should  be  tested  for  gas  leaks  with 

a,  soapy  water.  c.  caustic  soda. 

b,  a  bar  of  soap.  d.  liquid  salammoniac. 


(807)  What  is  used  to  check  hoses  for  leaks? 


a.  Powder. 

b.  Gas  leak  detector. 


c.  Bucket  of  clear  water. 

d.  Soapy  water  and  a  brush. 


(808)  Creeping  regulators  are  caused  by 

a.  damaged  diaphragms. 

b.  broken  bourdon  tubes. 


c.  broken  or  worn  out  springs. 

d.  cracked  or  worn  regulator  seats. 


(808)  Leaking  oxyacetylene  hoses  are  usually  repaired  by 

a.  replacing  them,  c.  using  a  hose  splice. 

b.  using  hose  tape.  d.  using  a  special  hose  sealer. 


(809)  When  cleaning  a  tip  you  Tiust  use  a  straight  back-and-forth  motion  to  prevent 

a.  distorted  preheating.  c.  enlarging  the  orifice. 

b.  scouring  the  tip  face.  d.  clogging  the  tip  with  fillings. 
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19.  (809)  What  size  of  welding  tip  cleaner  is  used  for    number  6  tip  when  it  malfunctions  because  of  dirtiness? 

a.  Number  4  tip  cleaner.  c.   Numbei  6  tip  cleaner. 

b.  Number  5  tip  cleaner.  d.   Number  7  tip  cleaner. 

20.  (810)  Steels  that  arc  used  extensively  for  ground  installation  parts  are  known  as 

a.  low  carbon  steels.  c.  high  carbon  steels. 

b.  medium  carbon  steels.  d.  high  carbon  tool  steels. 

21 .  (810)  What  group  of  carbon  steels  has  a  carbon  content  of  .35  percent? 

a.  Low  carbon  steels.  c.   Medium  carbon  steels. 

b.  High  carbon  steels.  d.  Tool  steels. 

22.  (810)  The  group  of  steels  which  have  the  highest  degree  of  hardness  are  the 

a.  low  carbon  steels.  c.  high  carbor  teels. 

b.  medium  carbon  steels.  d.   high  carbon  tool  steels. 

23.  (811)  The  selection  of  the  filler  rod  and  torch  tip  size  depend  upon  the 

a.  size  of  the  base  metal .  c .  composition  of  the  base  metal . 

b.  thickness  of  the  base  metal.  d.  heat  conductivity  rate  of  the  base  metal. 

24.  (811)  Selecting  a  welding  tip  size  that  is  too  iarge  will  usually  result  in 

a.  burning  of  holes  in  material. 

b.  excessive  penetration  of  heat . 

c.  metals  protruding  on  the  side  of  the  weld. 

d.  all  of  the  above. 

25.  (811)  What  is  the  smallest  oxyacetylene  filler  rod  available? 

a.  1/64  inch  diameter.  c.    1/16  inch  diameter. 

b.  1/32  inch  diameter.  d.    1/8  inch  diameter. 

26.  (8 1 2)  When  using  the  forehand  method  of  welding,  the  torch  tip  is  held  at  an  angle  of 

a.  45  degrees  to  60  degrees.  c.  40  degrees  to  70  degrees. 

b.  45  degrees  to  70  degrees.  d.  40  degrees  to  60  degrees. 

27.  (812)  Backhand  welding  is  primarily  used  for  welding 

a.  heavy  sections.  c.  tubular  assemblies. 

b.  light  sections.  d.   square  edges. 

28.  (813)  What  welding  position  is  used  for  parts  flat  on  the  table,  or  inclined  at  an  angle  less  than  45°? 

a.  Flat  position.  c.  Vertical. 

b.  Overhead  position.  d.  Horizontal. 

29.  (813)  On  a  horizontal  weld,  what  should  you  do  to  keep  the  molten  metal  from  sagging  to  the  lower  edge  of  the 
weld? 

a.  Incline  the  tip  slightly.  c.   Place  a  heat  sink  on  the  high  side. 

b.  Add  the  filler  on  the  high  side.  d.  Start  at  the  bottom  and  weld  up. 
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30.  (814)  A  weld  symbol  that  looks  like  a  right  triangle  indicates  a 

a.  plug  weld.  c.   spot  wekL 

b.  seam  weld.  d.   fillet  weld. 

31.  (814)  A  circle  is  a  supplementary  symbol  indicating 

a.  field  weld.  c.   weld  all  around. 

b.  fillet  weld.  d.   plug  weld. 

32.  (815)  When  welded  from  one  side  and  with  nr>cdge  machining  required,  use  the 

a.  doub  .^"fillet.  c.  joggled  single-fillet. 

b.  singlc-fillct.  d.   dcnible-or-singic  fillet. 

33.  (815)  Which  type  of  lap  Joint  develops  the  full  strength  of  the  base  metal? 

a.  Butt.  c.  Single-fillet. 

b.  Joggled.  d.  Double-fillet. 

34.  (815)  What  type  of  welding  joint  is  u.sed  to  keep  metal  on  the  same  plane'^ 

a.  Butt-lap  joint.  c.   Double-fillet  lap  joint. 

b.  Joggled  lap  joint.  d.   Single-fillet  lap  joint. 

35.  (816)  Penetration  for  a  lap  joint  of  1/4  inch  metal  is  a  minium  of 

a.  20  percent.  e.  40  percent. 

b.  30  percent.  d.   50  percent. 

36.  (816)  The  throat  of  a  lap  joint  should  always  equal  the 

a.  minimum  penetration.  c.   thickness  of  the  base  metal. 

b.  same  as  the  lower  leg.  d.   thickness  of  the  heaviest  metal. 


9 


37.  (816)  Where  is  the  flame  pointed  when  welding  a  lap  joint 

a.  At  the  vertical  sheet.  c.   Into  the  heart  of  the  weld. 

b.  In  the  direction  of  travel.  d.   At  a  45  degree  angle  to  the  metal. 

38.  (817)  The  requirement  for  penetration  on  butt  joints  regardless  of  metal  thickness  is 

a.  30  to  50  percent.  c,   80  to  100  percent. 

b.  50  to  75  percent.  d.    100  percent. 

39.  (817)  When  welding  a  butt  joint,  how  is  the  horseshoe  reestablished? 

a.  With  the  end  of  the  filler  rod. 

b.  With  the  torch  tip  and  filler  rod. 

c.  By  using  heat  and  force  of  the  flame. 

d.  By  using  fillet"  rod  and  flame  pressure. 

40.  (818)  When  oxyacetylene  welding  tee  joints,  the  metal  is  spaced  to 

a.  permit  easy  fusion.  c.    ^  event  underheating. 

b.  prevent  overheating .  d.  decrease  the  penetration. 
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41 .  (818)  When  welding  tec  joints,  the  filler  rod  is  added  to  the  upper  edge  of  the  niolten  pool  to  help  ^^uard  against 

a.  over  thick  throat.  c.   undercutting  the  upper  edge. 

b.  overlapping  the  upper  edge.  d.   undercutting  the  lower  plate. 

42.  (819)  The  common  type  of  corner  joint  used  to  construct  boxes  is  the 

a.  open-type  joint.  c.   fillet  weld  joint. 

b.  closcd-lypc joint.  ti.   bevelcd-edge joint. 

43.  (819)  Reinforcement  plates  in  I-beam  may  be  satisfactorily  welded  for  strength  by  using 

a.  abutt  joint.  e.   a  corner  joint. 

b.  anedgc  joint.  d.   all  of  the  above. 

44.  (820)  The  stabilization  of  321  stainless  steel  is  accomplished  by  using 

a.  carbon.  c.  titanium. 

b.  chromium.  ±  Columbian. 

45.  (820)  The  use  of  a  suffix  such  as  316L,  indicates  a  stainless  steel  which  has 

a.  a  low-carbon  content.  c.   50  percent  lithium. 

b.  an  exlra-low-carbon  content.  d.   3  percent  lead. 

46.  (820)  321  and  347  stainless  steels  arc  used  primarily  for  repair  of 

a.  intake  shafts.  c.   aircraft  propeller  shafts. 

b.  aircraft  exhaust  manifolds.  d.  kitchen  equipment. 

47.  (821)  When  oxyacelylene  welding  stainless  steel,  warping  is  sometimes  caused  by  a 

a.  high  coefficient  of  expansion  and  low  heat  conductivity. 

b.  low  coefficient  of  expansion  and  heat  conductivity. 

c.  high  coefficient  of  expansion  and  low  heat  conductivity. 

d.  low  coefficient  of  expansion  and  high  heat  conductivity. 

48.  (82 1 )  Oxyacetylene  welding  causes  the  oxidation  of  stainless  steel  when 

a.  hot  metal  contacts  the  atmosphere.  c.   welded  with  a  neutral  flame. 

b.  too  much  acetylene  is  used.  d.   too  much  acetylene  is  used. 

49.  (822)  When  welding  stainless  steel  why  is  it  necessary  to  fit  parts  of  a  lap  joint  closely  together? 

a.  Reduce  the  warping. 

b.  For  a  better  looking  joint. 

c.  Space  causes  the  edge  to  cool  easily. 

d.  Space  causes  the  edge  to  heat  rapidly. 

50.  (822)  Why  are  tack  welds  spaced  so  close  together  when  welding  stainless  steel? 

a.  To  make  them  rigid.  c.   So  they  will  fuse  with  the  weld. 

b.  To  reduce  the  warping.  d.  So  there  will  be  no  pinholes. 
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51 .  (823)  When  preparing  to  oxyacctyleno  \\ch\  an  opcp-hutt  jont  of  stainless  steel,  the  open  end  shoukl  be  spaced 

a  3/8  inch  per  foot  of  seani  length 

b.  1/2  inch  per  foot  of  seam  length. 

c.  1/4  inch  per  foot  of  seam  length. 

d.  3  thicknesses  per  foot  of  seam  length. 

52.  (823)  Improper  spacing  of  a  butt  joint  of  stainless  steel  will  cause 

a.  excessive  warpage.  c.  excessive  penetration. 

b.  excessive  oxidation.  d.  all  of  the  above. 

53.  (824)  When  oxyacetylenc  welding  a  tec  joint  of  stainless  steel,  the  most  important  adjustment  to  make  is  the 

a.  tip  size.  e.   welding  speed. 

b.  torch  angle.  d.   volume  of  heal. 

54.  (824)  Preheating  a  stainless  steel  tee  joint  before  welding  with  an  oxyacetylenc  torch  will  prevent 

a.  scales  from  forming.  c.  discoloration  of  the  weld. 

b.  oxidation  of  the  weld.  d.  cracking  along  the  weld  line. 

55.  (824)  During  the  welding  of  a  stainless  steel  tee  joint,  what  do  you  do  to  prevent  oxidation? 

a.  Constantly  shield  the  melting  metal  with  the  flame. 

b.  Constantly  add  flux  to  cover  the  weld  bead. 

c.  Feather  off  the  flame  and  cool  quickly. 

d.  All  of  the  above. 

56.  (825)  What  is  the  only  cast  iron  that  can  be  repaired  satisfactorily  by  fusion  welding? 

a.  Gray  cast  iron.  c.   Black  cast  iron. 

b.  White  cast  iron.  d.   Malleable  cast  iron. 

57.  (825)  When  white  cast  iron  is  heat  treated  and  cooled  slowly,  the  metal  formed  is  primarily  used  for 

a.  pip)e  fittings  and  dies.  c.  pipes  ind  machine  parts. 

b.  dies  and  machine  parts.  d.  pipe  fittings  and  machine  parts. 

58.  (825)  When  malleable  cast  iron  is  produced,  the  heat  treatment  induces 

a.  strength,  ductility,  and  toughness.  c.  hardness,  strength,  and  toughness. 

b.  wear  resistance  and  hardness.  d.  hardness,  strength,  and  ductility. 

59.  (826)  The  two  tests  that  are  most  used  for  identifying  ferrous  castings  are  the 

a.  spark  and  flame  test.  c.  spark  and  chip  test. 

b.  spark  and  acid  test.  d.   flame  and  acid  test 

60.  (826)  When  the  spark  test  is  used  to  identify  an  unknown  metal,  you  must  use 

a.  a  specimen  of  a  known  metal.  c.   a  spark  color  chart. 

b.  a  sample  of  gray  cast  iron.  d.   iwo  unknown  metals. 
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61 .  (827)  When  i'usion  vv      ng  cast  iron,  preheating  is  used  to  control 

a.  stresses  and  hardness  c.  expansion  and  contraction. 

b.  warpage  and  distortion.  d.   overheating  and  underheating. 

62.  (827)  The  correct  preheating  temperature  lor  fusion  welding  gray  cast  iron  i::  approximately 

a.  1200  degrees  F.  c.    1 200  degrees  C, 

b.  1 500  degrees  F.  d .    1 500  degrees  C . 

63.  (828)  The  ductility  of  bronze  is  an  advantage  in 

a.  the  takcup  of  minor  stresses  under  load. 

b.  added  resistance  to  stress  under  load. 

c.  iliat  exact  lino  up  is  not  necessary. 

d.  that  only  a  black  heat  is  required. 

64.  (828)  When  a  joint  is  brazed  properly,  its  strength  will  be 

a.  stronger  than  welded  joints. 

b.  half  as  strong  as  welded  joints. 

c.  twice  as  strong  as  welded  joints. 

d.  almost  as  strong  as  welded  joints. 

65.  (829)  When  high  strength  is  required  in  a  brazed  joint,  the  joint  should  be  prepared  as  a 

a.  U-joint.  c.   J-bevel  joint. 

b.  V-bevel  joint.  d.   double  V-bcvcl  joint. 

66.  (829)  When  preparing  a  cast  iron  joint  for  brazing,  free  carbon  is  removed  by 

a.  beveling.  c.  fluxing. 

b.  searing.  d.  decarbonizing. 

67.  (829)  If  the  base  metal  (cast  iron  or  steel)  gets  too  hot  when  brazing,  the  bronze  will 

a.  ball  up.  c.   fume  and  smoke. 

b.  runoff.  d.   fall  through  the  joint. 

68.  (830)  Metals  are  hard  faced  to  improve  their 

a.  harness  and  wear  resistance.  c,   wear  resistance  and  appearance. 

b.  hardness  and  ductility.  d.   ductility  and  appearance. 

69.  (830)  Three  metals  that  may  be  successfully  hard  faced  arc 

a.  carbon  steels,  aluminums,  and  steel  alloys. 

b.  steel  alloys,  gray  castings,  and  aluminums. 

c.  aluminums,  steel  alloys, and  gray  castings. 

d.  gray  castings,  carbon  steels,  and  steel  alloys. 

70.  (83  1 )  What  flame  is  nomially  used  to  apply  all  hard-facing  alloys  with  oxyacetylene  equipment? 

a.  A  neutral  flame.  c.   A  carburizing  flame. 

b.  An  oxidizing  flame.  d.   A  slightly  oxidizing  flame. 
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71.  (83 1 )  When  applying  hard-suriacing  deposits,  what  controls  the  action  and  llowing  quality  of  the  molten  pool? 

a.  The  amount  of  acetylene  in  the  llamc, 

b.  The  amount  of  filler  rod  added. 

e.  The  amount  of  oxygen  in  the  llame. 
d.  All  of  the  above. 


72.  (83 1 )  All  hard-facing  alloys  are  applied  to  ihc  base  metal  by 

a.  fusion.  c.    puddling  only, 

b.  sweating  only.  d.   puddling  or  sweating. 


73.  (831 )  What  step  should  be  taken  to  eliminate  porosity  and  shrinkage  cracks  when  hardfacing'?' 

a.  Submerge  in  cold  water.  c.   Pack  in  a  cooling  retardant. 

b.  Allow  the  furnace  to  cool.  d.   Allow  the  material  to  slowly  cool. 

74.  (832)  Silver  soldering  is  accomplished  best  with  joints  designed  to  allow 

a.  solder  buildup.  c.   oscillating  action. 

b.  free  solder  flow.  d.  capillary  attraction. 

75.  (832)  Silver  solder  bonds  weaken  as 

a.  pressure  increases.  c.   temperatures  exceed  500  degrees  F. 

b.  vibration  increases.  d.   temperatures  exceed  1 1 75  degrees  F. 

76.  (832)  Lead  soldering  is  accomplished  at  a  temperature  below 

a.  500  degrees  F.  c.   800  degrees  F. 

b.  600degreesF.  d.    1 175  degrees  F. 

77.  (833)  For  a  good  silver  solder  joint,  the  inner  cone  of  the  flame  should 

a.  not  touch  the  metal  or  be  held  still. 

b.  not  touch  the  metal  or  moved  around. 

c.  always  touch  the  m":tal  for  ample  heat. 

d.  none  of  the  above. 


78.  (833)  What  are  two  very  important  things  that  affect  soldering? 

a.  Low  temperature  and  cleanliness. 

b.  High  temperatui  e  and  flux. 

c.  Direction  of  travel  and  size  r  y  filler  metal. 

d.  Cleanliness  and  speed  of  travel. 


79.  (839)  Before  a  lead  solder  joint  is  made  the  base  metal  should  be 

a.  ground.  c.  beveled. 

b.  tinned.  d.  crimped. 

80.  (834)  To  obtain  a  complete  bond  when  using  lead  solder,  you  must 

a.  always  use  a  flux.  c.   always  preheat  the  joint. 

b.  never  use  a  sandblaster.  d.   never  tin  the  metal  base. 
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81 .  (834)  When  making  a  solder  joint  where  should  heat  be  applied,  and  why? 

a.  To  the  underside  so  the  llux  won't  be  burned. 

b.  To  the  tinned  surface  so  the  bae  metal  woiit  be  ovcihcated. 

c.  To  the  tinned  surface  so  the  flux  will  melt  and  clean. 

d.  To  the  underside  sso  oxides  will  not  interfere. 

82.  (835)  When  a  welding  torch  is  converted  to  a  cutting  torch,  the  cutting  attachment  makes  the  torch  useful  for 

a.  cutting  heavy  sections. 

b.  gouging  welds  on  plate. 

c.  beveling  2-inch  plate. 

d.  intermittent  cutting  of  light  .sections, 

83.  (835)  A  cutting  tip  has  several  small  openings  w  hich  are  used  for 

a.  preheating  metal.  c.   heating  metal. 

b.  cutting  metal.  d.  severing  metal. 

84.  (836)  The  oxygen  blast  of  the  cutting  torch  combines  with  the  red  hot  metal  and 

a.  produces  a  narrow  slot.  c.   burns  it  to  an  oxide. 

b.  produces  a  melting  effect.  d.  bums  it  into  slag. 

85.  (836)  What  determines  whether  or  not  a  particular  metal  can  be  cut  by  the  oxyacetylene  process? 

a.  Hardness.  c  Composition. 

b.  Structure.  d.   Heat  treatability. 

86.  (837)  When  perfonning  straight  line  cutting,  the  line  of  cut  is  marked  by  using  a 

a.  metal  scribe.  c.  magic  marker. 

b.  center  punch.  d.  piece  of  chalk. 

87.  (837)  Which  of  the  following  pertains  to  oxyacetylene  cutting? 

a.  Use  the  forehand  method. 

b.  Add  filler  rod  to  the  molten  pool. 

c.  Adjust  the  single  inner  cone  to  neutral. 

d.  Preheat  before  adding  additional  oxygen. 

88.  (838)  While  forging,  if  metal  is  heated  rapidly  it  will 

a.  oxide  and  becomes  brittle. 

b.  work  easily  and  uniformly. 

c.  expand  unevenly  and  start  cracks. 

d.  become  large  grained  and  very  strong. 

89.  (838)  When  steel  reaches  a  dull  orange  color,  the  steel  is  at  the 

a.  working  temperature.  c.  tempering  temperature. 

b.  stress  relief  temperature.  d.  forging  temperature. 

90.  (838)  A  full  red  color  of  steel  indicates  the  metal  can 

a.  be  forged.  c.  not  be  forged. 

b.  be  shaped.  d.  not  maintain  its  form. 
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91.  (839)  When  metal  is  haniniered  on  an  anvil  to  increase  both  length  and  width,  the  operation  is  known  as 


92.  (839)  What  are  the  three  steps  necessary  to  forge  and  draw  round  stock  to  a  point  tip? 

a.  square,  octagonal,  then  round. 

b.  square,  hexagonal,  then  round. 

c.  octagonal,  square,  then  round. 

d.  hexagonal,  square,  then  round. 

93.  (839)  When  metal  is  shortened  by  hammering,  the  operation  is  known  as 

a.  drawing.  c.   hot  bending. 

b.  upsetting.  d.  lengthening. 

94.  (840)  When  stress  relieving  steel,  the  steel  is  usually  heated  to 

a.  1200  degrees  F.  and  then  quenched. 

b.  1200  degrees  F.  and  then  cooled  slowly. 

c.  1500  degrees  F.  and  then  furnace  cooled. 

d.  1500  degrees  F.  and  then  cooled  slowly. 

95.  (840)  The  color  tempering  of  steel  is  based  on  the 

a.  oxide  color  when  heated.  c.   tempering  color  where  heated. 

b.  color  of  sparks  when  grinding.  d.  carbon  content  of  basic  material. 

96.  (840)  When  tempering  a  cold  chisel,  the  final  quench  is  made  when  the  cutting  edge  turns  the  correct  shade  of 

a.  red.  c.  straw. 

b.  blue.  d.  yellow. 


a.  drawing. 

b.  hot  bending. 


c.  lengthening. 

d.  upsetting. 


END  OF  EXERCISE 
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Preface 


CONGRATULATIONS!  You  have  reached  the  sixth  volume,  and  this  means  you  have 
completed  most  of  the  training  you  will  need  in  your  specialty.  You  may  give  a  sigh  of 
relief,  but  don't  stop  just  yet.  This  volume  provides  the  knowledge  you  need  to  become 
proficient  in  different  phases  of  electric  welding. 

The  first  four  of  the  seven  chapters  in  the  volume  cover  metallic  arc  welding 
equipment,  metallic  arc  preparation,  metallic  arc  welding,  and  metallic  arc  application. 
Chapter  5  covers  gas-shielded  welding  principles  and  equipment;  Chapter  6  deals  with 
TIG  (tungsten-inert  gas)  welding;  and  Chapter  7  covers  pipe  welding  using  metallic  arc 
and  TIG  welding. 

Foldout  1  is  printed  and  bound  at  the  back  of  this  volume. 

Direct  your  questions  or  comments  related  to  the  accuracy  or  currency  of  this  volume  to 
the  course  author:  TCHTG/TTGIC,  ATTN:  MSgt  Arnold  D.  Ringstad,  Sheppard  AFB  TX 
76311.  If  you  need  an  immediate  response,  call  the  author,  AUTOVON  736-2879 
between  0800  and  1600  (CST),  Monday  through  Friday.  (NOTE:  Do  not  use  the 
suggestion  program  to  submit  changes  or  corrections  for  this  course.) 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  this  agent  can't  answer  your  questions,  send 
them  to  ECI,  Gunter  AFS  AL  361 18,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance » 

This  volume  is  valued  at  15  hours  (5  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  August 
1982. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learning  Objectives.  Each  of  these 
carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that  follows  the 
objective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following  the  information 
give  you  a  check  on  your  achievement.  When  you  complete  them,  see  if  your  answers  match  those  in  the 
back  of  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and  its  texxt. 


Metallic  Arc  Welding  Equipment 


]UeTALLIC  arc  welding  is  one  of  three  major 
welding  processes  which  does  not  require  pressure  to 
complete  the  weld.  Arc  welding  consists  of  a  local 
progressive  melting  and  adhering  together  of  the 
adjacent  edges  of  metal  by  arc  temperatures  ranging 
from  500°  to  10,000°  F.  developed  between  a  suitable 
electrode,  or  electrodes,  and  the  parent  metal. 

In  this  chapter,  we  will  discuss  the  principles  of  arc 
welding  and  the  various  types  of  arc  welding  machines, 
as  well  as  the  operator  maintenance  necessary  for  safe 
and  efficient  operation  of  the  machine. 

1-1.  Principles  of  Arc  Welding 

In  this  section  we  will  discuss  what  makes  an  arc 
welder  work.  Principles  of  electricity,  things  that  affect 
a  weld  the  base  metal,  and  the  arc  itself  are  covered. 

AOl.  Explain  the  meaning  of  selected  electrical  terms, 
and  supply  details  relating  to  the  principles  of  arc 
welding. 

Electricity.  There  are  some  basic  electrical  terms 
which  we  must  present  to  enable  you  to  understand  the 
purpose  and  use  of  electricity  in  arc  welding. 

Circuit.  An  electric  current  cannot  flow  without  a 
complete  conducting  path.  This  path  is  called  a  circuit. 
In  arc  welding,  this  circuit  is  made  up  of  the  welding 
leads  (one  attached  to  the  electrode  and  the  other,  to 
the  base  metal),  electrode,  and  arc  (between  the 
electrode  and  the  base  metal),  as  shown  in  figure  1-L 

Voltage.  Electricity  needs  a  push  to  move  through 
the  circuit.  This  push  is  supplied  by  the  electromotive 
force  which  is  commonly  known  as  voltage.  The 
voltage  is  created  by  an  imbalance  of  electricity.  This 
imbalance  is  created  when  the  welding  generator  builds 
up  an  electrical  charge  greater  than  the  resistance  in  the 
leads.  The  voltage  then  forces  the  electric  current 
through  the  welding  lead  and  electrode.  As  the  current 
reaches  the  end  of  the  electrode,  the  voltage  builds  up 
until,  like  lightning,  has  the  necessary  push  to  force  the 
current  across  the  arc  gap.  The  current  passing  across 
the  arc  gap  releases  energy  in  the  form  of  heat,  causing 
the  molten  pool  to  form  almost  immediately. 

562 


Ampere.  In  order  to  control  the  amount  of 
electricity  in  any  given  circuit,  it  must  be  measured. 
The  unit  of  measurement  is  called  an  ampere.  The 
ampere  tells  the  amount  of  electricity  flowing  per 
second  past  a  given  poinL 

Ohm.  The  amount  of  current  flowing  in  the  circuit  is 
determined  by  the  amount  of  resistance  in  the  circuit. 
This  resistance  is  measured  by  a  unit  known  as  an  ohm. 
Each  metal  has  its  own  resistance.  In  welding,  you  need 
leads  made  from  a  metal  which  has  a  low  resistance. 
Since  copper  is  one  of  the  best  conductors,  it  is  used  in 
all  electrical  appliances,  generators,  lines,  and  welding 
leads.  Steel  has  a  much  higher  resistance  and  becomes 
too  hot  for  any  use  in  welding,  other  than  its  use  as  an 
electrode. 

Arc  length.  In  metallic  arc  welding,  the  proper 
length  of  arc  is  necessary  to  make  good  welds.  With  the 
proper  arc  length,  the  heat  is  concentrated  on  the  work. 
With  a  long  arc,  much  of  the  heat  is  lost  by  radiation  to 
the  atmosphere.  A  short  arc  is  more  stable  than  a  long 
arc,  giving  you  more  control  of  the  molten  pool.  With  a 
short  arc,  vapors  from  burning  electrode  coating 
surround  the  electrode  metal  and  the  molten  pooL 
preventing  air  from  reaching  these  liot  points. 

Current.  When  a  circuit  carrying  a  current  breaks, 
the  current  continues  to  flow  across  the  gap  between 
the  terminals  until  it  is  no  longer  able  to  jump  the  gap. 
Superheated  gases  from  the  atmosphere  and  particles 
of  metal  from  the  terminals  carry  the  current  to  bridge 
this  gap.  This  action  causes  an  intensely  bright  light 
called  the  electric  arc.  Since  the  resistance  is  very  high 
in  the  arc,  a  great  deal  of  electrical  energy  is  converted 
into  heat,  both  in  the  arc  and  at  the  points  where  it 
enters  and  leaves  the  terminals.  The  proper  length  of 
arc  causes  the  metal  exposed  to  it  to  melt 
instantaneously. 

The  direct-current  (DC)  arc  welding  machine  used 
for  electric  arc  welding  has  a  generator  driven  by  some 
suitable  motive  power  (electric  motor,  gas  or  diesel 
engine).  The  voltage  of  the  generator  usually  varies 
from  15  to  45  volt  across  the  arc,  although  any  setting 
may  vary  because  of  changes  in  arc  length.  Current 
output  va'-ies  from  20  to  800  amperes,  depending  upon 
the  type  jf  unit,  since  a  fairly  wide  range  is  necessary  to 


EKLC 


Mgurc  I   I.  Arc  welding  circuit. 


accommodaie  the  various  classes  of  work.  In  most 
welding  machines,  the  generator  is  a  variable  voltyge 
type  arranged  so  that  the  voltage  automatically  adjusts 
to  the  demands  of  the  arc.  You  may  also  be  able  to 
manually  adjust  the  amperage  of  the  welding  current. 
Usually  you  can  set  it  to  the  proper  range  by  means  of  a 
selector  switch  or  a  series  In  either  case,  you  obtain  the 
desired  amperage  by  lapping  into  the  field  coil  of  the 
generator  at  different  points  to  increase  or  decrease  its 
strength.  When  you  can  manually  adjust  both  the 
voltage  and  amperage  of  the  welder,  the  machine  is  a 
dual-control  type 

Polarity.  The  use  of  the  term  ''polarity"  in  arc 
welding  depends  upon  the  fact  that  electrical  circuits 
have  negative  and  positive  terminals  or  poles.  In  a  DC 
circuit,  the  current  flows  in  one  direction  only;  the  line 
that  carries  current  from  the  supply  is  positive,  and  the 
line  that  returns  the  current  to  the  supply  is  negative. 

When  you  use  a  bare  or  lightly  coated  elecirc^de,  60 
to  75  peiceni  of  the  heat  is  liberated  at  the  positive  side 
of  the  circuit  and  25  to  40  percent  at  the  negative  side. 
Since  the  mass  of  the  work  to  be  welded  is  larger  than 
the  mass  of  the  electrode,  you  usually  connect  the  work 
to  the  positive,  or  hot,  side  of  the  circuit  when  you  are 
welding  with  bare  or  lightly  coated  electrodes.  1  his 
condition  is  knov/n  as  straight  polarity  and  is 
illustrated  in  view  A  of  figure  1  2.  Check  the  leads  and 
the  current  flow  directions.  In  some  cases,  such  as  in 
welding  cast  iron  and  using  certain  types  of  heavily 
coated  ferrous  and  nonferrous  electrodes,  the  work  is 
negative  and  the  electrode  positive.  This  condition  is 
known  as  reverse  polarity  and  is  illustrated  in  view  B 
figure  1  -2. 

When  you  use  an  alternating-current  (AC)  welding 
mac^hine  you  have  no  choice  of  polarity,  since  it  is  the 
characteristic  of  AC  to  change  its  polarity  twice  during 
each  cycle.  For  this  reason,  it  is  not  possible  to  use  AC 
machines  for  all  types  of  welding.  For  instance,  you 
cannot  use  AC  in  bare  electrode  welding.  It  is  difficult 
to  use  in  carbon  arc  welding.  Alternating-current 
welding  has  one  advantage  over  DC  welding;  in  AC 
welding,  the  changing  of  polarity  with  each  cycle 
reduces  arc  blow. 

Weld  Metal  Deposition,  In  metallic  arc  welding,  five 
separate  and  distinct  forces  are  responsible  for  the 

ansfer,  or  depositing,  of  molten  filler  metal  and 

olten  slag  to  the  base  metal. 


EKLC 


(rravity.  Gravity  is  the  main  force  which  accounts 
ioi  the  transfer  of  filler  metal  in  flat  position  welding. 
In  other  positions,  smallc  electrodes  must  be  used  to 
[\\o\d  excessive  loss  of  weld  metal  and  slag,  since  the 
surface  tension  is  unable  to  retain  a  large  volume  of 
molten  metal  and  molten  slag  in  the  weld  crater. 

Gas  expansion.  Gases  result  from  the  burning  of  the 
electrode  covering.  The  heat  of  the  boiling  electrode  tip 
rapidly  expands  the  gases,  projecting  the  metal  and 
slag  of  the  electrode  in  globular  form  away  from  the 
solid  electrode  tip  and  into  the  molten  crater.  The 
coaling  extending  beyond  the  metal  tip  of  the  electrode 
controls  the  direction  of  gas  expansion  and  directs  the 
molten  metal  globule  into  the  weld  metal  crater  fomied 
in  the  base  metal. 

Electromagnetic.  The  electrode  tip  acts  as  an 
electrical  conductor;  the  molten  metal  globule  is  also 
an  electrical  conductor  and  is  affected  by  magnetic 
forces  acting  at  90°  to  the  direction  of  the  current  flow. 
These  forces  produce  a  pinching  effect  on  the  metal 
globules  and  act  to  speed  up  the  separation  of  the 
molten  metal  from  the  end  of  the  electrode.  This  effect 
is  particularly  helpful  in  transferring  metal  in 
horizontaK  vertical,  and  overhead  position  welding. 

Electric.  The  force  produced  by  the  voltage  across 
the  arc  acts  to  pull  the  small,  pinched-off  globule  of 
metal  regardless  of  the  position  of  welding.  This  force 
is  especially  helpful  when  DC  straight-polarity, 
mineral-coated  electrodes,  which  do  not  produce  large 
vol  umes  of  gas,  are  used. 

Surface  tension.  The  force  which  keeps  the  filler 
metal  and  slag  globules  in  contact  with  molten  metal 
and  slag  globules  in  contact  with  molten  base  or  weld 
metal  in  the  crater  is  known  as  surface  tension.  It  helps 
to  retain  the  molten  metal  in  horizontal,  vertical,  and 
overhead  welding  and  al'  o  to  determine  the  shape  of 
the  weld  contours. 


ARROWS  INDICATE  CURRENT 


A.  STRAIGHT  POLARITY 


ELECTRODE 


B  REVERSE  POLARITY 


Figure  1  2.  Welding  circuit  polarity. 
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Magnetic  or  Arc  Blow,  A  phenomenon  ol*  arc 
welding  is  the  tendency  of  the  arc  to  waver  as  though  a 
blast  of  air  were  being  blown  against  it.  !  his  trouble  is 
often  encountered  in  welviing  in  corners  and  at  the  start 
and  end  of  butt  joints.  The  arc  is  forcibly  moved  by  a 
magnetic  field  set  up  in  the  work  by  the  How  of  the 
welding  current.  The  direction  and  amount  of  bending 
of  the  arc  depend  upon  the  direction  and  strength  of 
the  magnetic  field.  Various  methods  are  used  to  try  to 
eliminate  this  interference;  all  of  them  attempt  to 
miniini/e  or  counteract  the  magnetic  field  at  the  point 
at  which  it  is  desired  to  hold  the  arc.  Changing  the 
position  of  the  ground  plate  with  reference  to  the  arc 
may  change  the  path  of  the  current  through  the  work 
and  eliminate  the  magnetic  field  surrounding  the  ire. 
Changing  the  angle  of  the  electrode  to  the  work  is 
helpful  in  some  cases.  It  is  impossible  to  lay  down 
definite  rules,  sin^^e  so  many  variable  factors  are 
involved.  When  welding  with  AC,  there  are  practically 
no  magnetic  disturbances  of  the  arc. 

Exercises  (AOl): 

I.  Briefly  explain  each  of  the  following: 


a.  Circuit. 


b.  Voltage. 


c.  Ampere. 


d.  Ohm. 


2.  When  performing  arc  welding,  why  is  a  long  arc 
length  undesirable? 

3.  What  polarity  is  present  when  the  electricity  flows 
from  the  electrode  to  the  work? 


4.  List  the  forces  responsible  for  transferring  the 
molten  metal  when  arc  welding. 


5.  Arc  blow  is  the  wavering  of  the  electric  arc  caused 
by  what  condition? 


1-2.  Arc  Welditig  Machines 

The  principal  function  the  electric  arc  welding 
machine  is  to  provde  the  current  necessary  for 
welding.  Although  arc  welding  machines  are  of 
different  types,  operators  aie  mainly  interested  in  the 
type  of  current  producing  the  arc.  Therefore,  for 
practical  purposes,  consider  the  currents  as  direct 
current  (DC)  or  alternating  current  (AC)  In  recent 
years,  electronic  and  selenium  plate  rectifiers,  which 
operate  on  AC  and  produce  DC  welding  current,  have 
been  available. 

A02,  Supply  operational  details  concerning  types, 
funi^tioning,  characteristics,  and  parts  locations  >f 
AC  and  DC  arc  welding  machines. 

Direct-Current     Arc     Welding  Machines, 

Direct-current  welding  machines  have  the  advantage 
of  being  suitable  for  use  on  all  metals.  They  usually 
produce  satisfactory  results  on  thin  materials  which 
require  low  current  settings.  The  choice  of  the  type  of 
machine  best  suited  for  metallic  arc  welding  depends 
upon  many  factors.  In  general,  the  main  difference 
between  AC  and  DC  welding  is  tiie  lower  initial  cost 
and  the  lower  operating  cost  of  AC  equipment. 

Electric  motor-driven  generator.  The  most  widely 
used  welding  machine  is  the  motor-generator  type, 
operated  by  electric  power  to  produce  DC  of  the 
proper  characteristics  for  arc  welding.  This  type 
consists  of  a  driving  motor  and  a  DC  generator,  with 
the  armature  of  the  generator  mounted  on  the  same 
shaft  as  the  rotor  of  the  driving  motor  The  shaft  is 
supported  at  each  end  by  ball  bearings,  and  the 
machine  is  made  as  compact  as  possible.  Two  controls 
for  the  welding  current  are  usually  provided— one  for 
the  large  increases  or  decreases  and  the  other  for  small 
changes.  Some  machines  provide  a  switch  for  changing 
polarity,  while  others  require  changing  the  position  of 
the  welding  cable  leads.  A  pushbutton  switch  located 
on  the  control  panel  permits  convenient  starting  and 
stopping  of  the  machine,  and  provides  overload 
protection  for  the  driving  motor.  A  voltmeter  and 
ammeter,  or  a  combination  of  the  two,  permit  you  to 
set  the  machine  for  a  prescribed  output.  Some 
machines  use  mechanically  operated  dials  to  show  the 
vohage  and  amperage.  Most  machines  are  mounted  on 
a  chassis  to  permit  moving  them  in  the  shop.  Both 
horizontally  and  vertically  mounted  sets  are  available. 
Figure  1  3  illustrates,  on  a  vertically  mounted 
motor-generator  arc  welder,  the  component  parts  that 
are  common  to  both  types.  Motor-generator  welding 
sets  are  rated  in  terms  of  weldingcurrent  output — such 
as  100,  200,  300  amp,  etc.  Current  ratings  represent  the 
amount  of  current  which  the  machine  will  generate 
continuously  for  1  hour  without  exceeding  a  specified 
temperature  rise.  These  sets  are  capable  of  delivering 
more  than  the  rated  current  for  a  short  time  without 
damage  to  the  machine. 
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Figure  1-3.  Portable  motor-generator  arc  welder. 


Engine-driven  generator.  When  a  source  of 
electrical  power  is  kiot  available,  a  gasoline  or  diesel 
engine  is  used  to  drive  the  welding  generator.  The 
engine  is  equipped  with  a  governor  to  control  the 
demand  on  the  generator.  The  complete  unit,  shown  in 
figure  1-4,  is  usually  mounted  on  a  trailer-type  chassis 
and  can  be  towed  to  the  location  where  the  work  is  to 
be  done. 

Rectifier  welder.  Welding  machines  equipped  with 
rectifiers  operate  by  changing  or  rectifying  AC  to  DC 
for  welding.  Electronic  tu^es  or  selenium  plates  rectify 
3-phase  AC  to  DC.  Controls  arc  provided  for  changing 
the  welding  current  the  open  circuit  voltage,  and  the 
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polarity.  The  current  output  of  these  machines  is 
sufficient  to  maintain  a  stable  arc  at  any  setting  from  5 
to  75  amperes;  therefore,  you  can  weld  metals  from  32 
to  10  gage  with  equal  ease  and  success. 

Alternating-Current  Arc  Welding  Machines.  Two 
general  types  of  AC  arc  welders  suitable  for  metallic 
arc  welding  are  the  transformer  and  rotating  types  of 
machines.  Most  AC  arc  welding  machines  are  static 
transformers  that  offer  these  three  advantages:  ( 1)  low 
initial  cost,  (2)  low  operating  cost,  and  (3)  low 
maintenance  cost.  The  absence  of  rotating  parts  makes 
the  initial  and  maintenance  costs  less  than  they  are  for 
DC  machines. 
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Transformer  type.  This  type  of  AC  arc  welding 
machine  operates  from  one  phase  of  the  power 
supply — the  primary  winding  being  connected  to  the 
powerline  and  the  secondary  winding  to  the  welding 
cables.  For  making  changes  in  the  amount  of  welding 
current,  some  machines  have  the  transformer  windings 
tapped  at  intervals.  By  using  different  taps,  the  current 
and  voltage  can  be  increased  or  decreased.  Other 
machines  use  p  variable  resistance  controlled  by  turning 
a  handwhecl  which  alters  the  current  according  to  the 
position  of  a  movable  coil  or  core.  The  ratings  of  these 
machines  are  available  in  a  wide  range  of  current  ratings. 
Since  the  transformer  draws  current  only  when  in  use, 
the  machines  are  remarkably  economical  in  electric 
power  consumption.  They  are  easy  to  adjust  to  the 
required  current  settings  and  require  little  maintenance. 

Rotating  type.  This  type  of  AC  arc  welding  machine 
may  be  of  the  motor-generator,  frequency  changer, 
phase  changer,  or  combination  type.  The  driving 
motor  is  connected  to  the  powerline,  and  the  generator 
or  rotor  of  the  frequency  changer  is  connected  to  the 
welding  cables.  A  two-position  switch  permits  the 
current  output  to  be  changed  from  a  high  to  a  low 
value,  and  an  auxiliary  control  permits  fine  current 
adjustment. 

AC/DC  Welders.  The  AC/ DC  welding  machine 
(rectifier-type)  is  now  being  adopted  by  the  Air  Force 
because  of  its  versatility.  The  welder  has  the  choice  of 
AC  or  straight  or  reverse  polarity  direct  current  by 
throwing  a  switch  to  one  of  three  positions.  This 
machine  can  be  used  in  areas  where  only  single-phase 
power  is  available.  It  occupies  less  floor  space, 
eliminates  the  need  for  two  independent  arc  welders  of 
the  same  rating,  and  reduces  maintenance  upkeep. 

Accessories.  All  arc  welding  machines  require 
certain  accessories  to  make  up  a  complete  welding 
outfit. 

Welding  cables.  The  size  of  welding  cables  depends 
upon  the  normal  welding  current  and  the  length  of  the 
welding  cable.  For  lengths  up  to  50  feet,  a  200~ampere 
machine  requires  a  #2  cable;  a  300~ampere,  a  #0 
(#1/0);  and  a  400~ampere,  a  #00  (#2/0).  Rubber- 
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Figure  l^.  Portable  engine-driven  arc  welder. 

o 
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Figure  1-5.  Electrode  holder. 


covered,  multistrand,  copper  cable  made  specifically  for 
arc  welding  is  used.  The  greater  the  number  of  strands  in 
a  given  size  cable,  the  more  flexible  and  convenient  for 
movement  are  the  welding  leads. 

Electrode  holder.  An  electrode  holder  is  essentially  a 
clamping  device  for  holding  the  electrode  securely  in 
any  position.  The  welding  cable  passes  through  the 
hollow,insulated  handle  of  the  holder.  The  advantage 
of  having  an  insultated  holder  is  that  it  may  be  touched 
to  any  part  of  the  work  without  danger  of  short 
circuiting.  Electrode  holders  permit  quick  and  easy 
change  of  electrodes. 

Electrode  holders  are  made  in  a  number  of  different 
sizes  and  designs,  one  of  which  is  shown  in  figure  1  -^5, 
Each  holder  is  intended  for  use  within  a  specified  range 
of  electrode  diameters  and  within  a  maximum  welding 
current  amperage.  A  larger  holder  is  required  when 
welding  with  a  machine  having  a  300~ampere  rating 
than  when  welding  with  100-ampere  unit.  If  the  holder 
is  smaller  than  that  specified  for  use  with  a  particular 
amperage,  the  holder  will  overheat. 

Ground  clamp.  The  work  must  be  connected  to  the 
welding  machine.  This  is  done  with  a  second  cable.  For 
best  results  mount  a  ground  clamp,  as  shown  in  figure 
1-6,  to  the  grounding  cable.  This  clamp  is  made  of 
brass  and  is  an  excellent  ground.  With  little  care  this 
type  of  clamp  will  provide  excellent  service  for  an 
extended  time. 

Exercises  (A02): 

1 .  Direct-current  arc  welding  machines  may  be  of  the 
 or  the  type.  i 


2.  What  two  types  of  AC  arc  welders  are  suitable  for 
metallic  arc  welding? 


3.  Why  are  AC  arc  welding  machines  preferred  over 
DC  welders? 
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Figure  16.  Ground  clamp. 


4.  The  transformer  type  of  arc  welding  machine 
operates  from  one  phase  of  the  power  supply,  the 
primary  winding  being  connected  to  the 
  and  the  secondary  winding  to  the 


5. What  are  four  types  of  rotating  AC  arc  welding 
machines? 


6.  What  determines  the  size  of  welding  cables? 


7.  Where  is  the  electrode  holder  located? 


A03,  Identify  operator  maintenance  requirements  for 
arc  welding  machines  and  identify  the  definitive 
information  source  for  such  machines. 

Because  of  the  amount  of  dust  and  grit  present  in  all 
welding  shops,  proper  maintenance  of  equipment  is 
very  important.  Although  you  can  perform  routine 
maintenance,  you  should  have  a  qualified  electrician 
perform  any  extensive  repair  or  adjustment.  The 
following  periodic  maintenance  schedule  should  help 
you  prevent  a  major  breakdown  and  prolong  the  life  of 
the  equipment.  You  can  find  detailed  instructions 
about  the  operation,  maintenance,  and  overhaul,  and  a 
parts  catalog  for  specific  types  oi  arc  welding  machines 
in  the  34 W4  series  TOs,  Weiuing  Machines  and 
Related  Equipment.  Keep  an  inspection  record  noting 
all  maintenance  performed  and  dates  for  each 
michine. 

Cleaning  at.d  Inspection.  A  maintenance  schedule 
should  be  set  up  to  Feep  the  welding  machine  in  good 
operating  condition.  This  maintenance  should  be 
scheduled  in  accordance  with  the  frequency  with  which 
it  is  performed. 


On  a  daily  or  an  as-used  basis,  the  cables,  ground, 
and  electrode  holder  should  be  checked  for  bare  wires 
and  loose  connections. 

On  a  weekly  basis,  the  welding  machine  should  be 
checked  for  loose  nuts,  bolts,  screws,  or  parts.  These 
will  work  loose  due  to  the  vibrations  caused  by  the 
cooling  fan  and  generator. 

Air  is  drawn  into  the  machine  by  the  coolingfanand 
circulated  through  passages  and  around  ihe  windings. 
An  accumulation  of  dust  in  these  areas  will  cause 
increased  operating  temperatures.  Clean  out  the 
machine  with  dry  compressed  air,  as  shown  in  figure 
1-7.  If  the  machine  is  greasy,  take  it  apart  and 
thoroughly  clean  it  on  a  monthly  basis. 

Electrical  Parts.  During  the  monthly  inspection, 
check  the  condition  of  the  brushes  and  commutator, 
shown  in  figure  1-8.  Also  check  the  switch  contact 
points  and  the  bearings.  Replace  brushes  that  have 
worn  enough  to  reduce  their  spring  tension 
appreciably  and  brush  springs  that  have  been 
weakened  from  overheating  to  assure  positive  brush 
contact. 

Each  time  the  brushes  are  replaced,  the  commutator 
should  be  checked  for  cleanliness  and  wear.  A 
commutator  in  good  condition  has  a  deep  bronze 
color.  Ridges  or  pockets  on  the  surface  of  the 
commutator  should  be  removed  by  turning  it  down  on 
the  lathe. 

Electrical  switch  contacts  should  be  sanded  smooth 
if  they  are  pitted,  as  shown  in  figure  1  -9.  Badly  burned 
contacts  should  be  replaced. 

The  windings  of  the  generator  and  motor  should  be 
inspected  once  a  year  and  given  a  coat  of  shellac,  if  they 
are  dry  or  cracked. 

Lubrication.  Lubricate  welding  machines  that  have 
moving  parts  at  4-  to  6-month  intervals,  depending 
upon  the  number  of  operating  hours.  The  more  you  use 
the  welder,  the  shorter  the  time  between  lubrications 
should  be.  Be  sure  you  do  not  use  too  much  grease. 
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Figure  1-8.  Arc  welder  inspection. 


Figure  1  9.  Contact  point  care. 
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Excess  grease  can  be  thrown  on  the  commutator  or 
windings,  causing  deterioration  of  the  insulation  and  a 
possible  short  circuit.  Use  the  grease  specified  by  the 
manufacturer  on  the  data  plate  or  in  the  Mil  Spec. 

Exercises  (A03): 

1 .  Where  can  you  find  detailed  instructions  about  the 
maintenance  of  arc  welding  machines? 


3.  What    four   electrical    partr.   must    he  checked 
monthly? 


2    What  should  you  do  to  dried  or  cracked  generator      4.  How   often  should   machine   moving   parts  be 
■  windings?  lubricates? 
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CHAPTER  2 


Metallic  Arc  Preparation 


IN  THIS  CHAPTER,  we  discuss  the  identification 
and  selection  of  arc  welding  electrodes  and  the  factors 
involved  in  setting  up  for  arc  welding. 

2-1.  Identification  and  Selection  of  Arc  Welding 
Electrodes 

The  electrodes  used  for  metallic  arc  welding  are 
designed  to  do  the  same  job  as  the  filler  rod  does  in 
oxyacetylene  welding.  The  major  difference  between 
jthe  two  rods  is  in  the  fiux  coating  on  the  electrode.  This 
fiux  coating  serves  to  protect  the  weld  from  oxidation 
while  it  cools.  There  are  two  basic  types  of  fiux 
coatings,  with  variations  of  each  one.  Since  thes^ 
electrode  and  coatings  are  designed  for  a  specific 
purpose,  it  is  necessary  for  you  to  be  able  to  identify 
them  by  their  number  or  color  code. 

A04.  Define  given  electrode  numbers,  and  furnish  the 
color  coding  used  on  specific  electrodes. 

The  American  Welding  Society  (AWS)  has 
established  a  number  and  color  code  system  for  the 
identification  and  selection  of  electrodes  (E).  You  must 
understand  the  system  in  order  to  select  the  proper 
electrode  for  a  given  job. 

AWS  Number  Code.  The  AWS  number  code  is 
made  up  of  either  a  four-  or  five-digii  number.  This 
number  tells  you  the  tensile  strength  of  a  properly 
made  weld  using  that  particular  electrode  (rod).  The 
number  also  indicates  the  type  of  current  to  use  and  the 
recommended  welding  position  suitable  for  that  rod. 

Four-digit  number  electrodes.  All  mild  steel  and  low 
alloy  electrodes  have  codings  with  four-digit  numbers 
such  as  E-6010,  E-7020,  and  E-8030.  The  breakdown 
of  the  four-digit  electrode  E-6010  is  as  follows: 

1st  two  digits— the  tensile  strength  in  thousands  of 
psi. 

3rd  digit — the  recommended  position. 
4th  digit— the  type  of  current. 

As  this  explanation  demonstrates,  always  read  the 
first  two  digits  together.  They  designate  the  minimum 
ultimate  tensile  strength  in  thousands  of  pounds  per 
sduare  inch.  The  E-6010  electrode,  for  instance  has  a 
nriinimum  ultimate  strength  of  60,000  psi;  whereas 
E-7020  has  a  minimum  ultimate  strength  of  70,000  psi. 

The  third  digit  (the  1  in  E-6010)  specifies  the 
position  (or  positions)  in  which  you  can  use  the 
electrode  most  satisfactorily.  This  digit— a  1,  2,  or  3, 
indicates  the  recommended  welding  positions  as  follows: 


!    all  positions. 

2 —  fiat  and  horizontal  positions. 

3 —  fiat  position  only. 

The  fourth  digit,  which  may  be  any  number  from 
zero  to  eight,  refers  to  the  current  and  also  indirectly  to 
the  type  of  electrode  coating  as  follows: 

0— DC  reverse  polarity  when  the  third  digit  is  1. 

0—  AC  when  the  third  digit  is  2  or  3. 

1 —  AC*  or  DC  reverse  polarity. 

2 —  DC  straight  polarity  or  AC. 

3—  AC*  or  DC  straight  polarity. 

5 —  DC  reverse  polarity  (lime  or  titaniumsodium— 
low  hydrogen). 

6—  AC*  or  DC  reverse  polarity  (titanium  or  lime 
potassium — low  hydrogen). 

*7 — AC  or  DC  reverse  polarity  (iron  powder  plus 
low  hydrogen  sodium  covering). 

*8 — AC  or  DC  reverse  polarity  (iron  powder  plus 
low  hydrogen  sodium  covering). 
* — preferred. 

Five-digit  number  electrodes.  Electrodes  with 
five-digit  numbers  are  also  available.  The  only 
difference  between  reading  these  and  the  briefer 
numbers  is  that  here  the  first  three  digits  occur 
together;  for  example,  E- 100 10  designates  an  electrode 
having  a  tensile  strength  of  100,000  psi.  The  fourth  and 
fifth  digits  correspond  to  the  third  and  fourth  digits  of 
a  four-digit  number  and  specify  the  same  thing.  Here  is 
a  breakdown  for  the  five-digit  number  E-lOOlO: 

1st  three  digits—the  tensile  strength  in  thousandths 
of  psi. 

4th  digit  -the  recommended  position, 
th  digit— the  type  of  current. 

AWS  Color  Code.  This  code  consists  of  three 
markings:  the  (1)  primary,  (2)  secondary,  and  (3) 
group.  The  primary  and  secondary  color  indicates  the 
composition  of  the  electrode,  while  the  color  group 
indicates  the  type  of  current.  The  primary  color  is  on 
the  top  of  the  base  or  grip  end  of  the  electrode.  The 
secondary  color  is  located  on  the  grip  end  midway 
between  the  end  of  the  electrode  ai.d  the  fiux  coating. 
The  group  color  is  located  on  the  flux  coating  just 
below  the  grip  end  of  the  electrode.  The  color  coding 
for  common  electrodes  is  shown  in  foldout  1 ,  bound  at 
the  back  of  this  volume. 

As  you  can  see  in  foldout  1 ,  not  all  electrodes  have  all 
three  markings.  Also,  some  electrodes  have  a  special 
marking  at  the  center  of  the  electrode.  This  marking, 
which  is  usually  three  spots,  is  a  manufacturer's 
trademark. 
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IVlIL-E-6843  Classification.  Air  Force  supply 
catalogs  identify  arc  welding  electrodes  by  military 
specification  number  MlL-E-6843  rather  than  AWS 
classification  numbers.  The  following  information  is 
important  to  Air  Force  welders  and  can  be  found  in  the 
34W4  sckies  technical  orders. 

Class  A,  Class  A  electrodes  correspond  to  the  AWS 
electrodes  whose  last  two  digits  are  12  or  13,  such  as; 
E-6012  or  E-6013. 

Class  B.  Class  B  electrodes  correspond  to  the  AWS 
electrodes  whose  last  two  digits  are  10  or  11,  such  as 
E-6010  or  E-601 !..  This  type  of  electrode  is  used  with 
DC  reverse  polarity,  except  when  specified  as  an  AC 
electrode.  Penetration  is  deep,  which  is  normally 
preferred  for  good  fit-up  and  vertical  or  overhead 
welding.  This  electrode  is  not  used  when  heat 
treatment  is  required. 

Class  C.  Class  C  electrodes  are  alloy  steel  electrodes 
used  in  welding  chrome  molybdenum  and  chrome 
nickel  molybdenum  steels  when  heat  treatment  is 
required.  The  corresponding  AWS  electrode 
specifications  would  be  E-7020  or  E-10020.  This  type 
of  electrode  is  generally  used  with  straight  polarity,  but 
it  may  also  be  used  with  AC.  Only  the  smaller  diameter 
electrodes,  5/64  and  3/32  inch,  are  adaptable  to  all 
positions.  The  larger  diameter  electrodes  are  generally 
used  for  horizontal  fillets  and  flat  work  where  deep 
penetration  is  not  required. 

Class  D,  Class  D  electrodes  are  companion  rods  to 
the  class  C  electrodes  under  the  same  specification  and 
are  used  when  deeper  penetration  is  required.  They  are 
used  to  weld  chrome  molybdenum  (4135  and  41400) 
and  chrome  nickel  molybdenum  (8735  and  8740)  steels 
(with  preheat  of  'he  parts  to  400°  to  500"^  F.).  The 
corresponding  A  vVS  electrode  specifications  would  be 
E-7030  or  E~  10030.  These  electrodes  are  generally 
used  with  reverse  polarity,  but  they  may  also  be  used 
with  AC.  They  are  all-position  electrodes. 

Exercises  (A04): 

1.  Explain  briefly  the  meaning  of  the  electrode 
number  E-12030. 


2.  Which  class  does  electrode  E-7512  belong? 


3.  Identify  each  of  the  following  phrases  as  true  or 
false:  The  electrode  number 

 a.  is  established  by  the  AWS. 

 b.  recommends  the  welding  position. 

 c.  indicates  the  amount  of  current  to  use. 

 d.  tells  you  the  maximum  yield  strength. 

 e.  indicates  the  type  of  current  to  use. 


4.  Indicate  the  color  coding  used  on  c;irh  of  the 
following  electrodes: 

a.  E-7018. 

b.  E-6012. 

c.  E  6028. 

d.  E-11018G. 

AOS.  Specify  the  most  stable  type  of  electrode  and 
label  a  series  of  terms  relating  to  bare,  light-coated, 
or  heavy-coated  electrodes. 

The  selection  of  electrodes  for  a  particular  job 
depends  upon  the  type  of  coating  and  the 
characteristics  of  the  electrodes. 

Some  form  of  protection  must  be  provided  in  the  arc 
stream  to  protect  the  weld  metal  from  harmful  effects 
of  air  during  the  time  that  the  metal  is  molten  and 
solidifying.  Steel  when  heated  to  high  temperature, 
readily  combines  with  the  oxygen  and  nitrogen  in  the 
air  surroundingthearc.  This  results  in  the  formation  of 
oxides  and  nitrides,  which  causes  brittleness.  To 
prevent  this  from  occurring,  the  electrodes  have  a  wire 
core  and  a  suitable  coating.  The  coatings  on  metal  arc 
welding  electrodes  are  generally  more  than  mere 
fluxing  agents,  such  as  the  fluxes  used  in  certain 
oxyacetylene  welding  applications.  These  coatings 
produce  a  gas  which  excludes  air  from  the  arc  and 
forms  a  slag  which  acts  as  a  blanket  on  the  pool  of 
molten  steel  and  purifies  the  steel. 

Types  of  Electrode  Coatings.  The  metal  arc 
electrodes  may  be  classified  as  (1)  bare  electrodes,  (2) 
thinly  coated  or  light-coated  electrodes,  and  (3) 
shielded-arc  or  heavy-coated  electrodes.  Let's  look  at 
each. 

Bare  electrodes.  Bare  electrodes  are  made  of  wire  of 
a  definite  composition.  Their  surface  does  not  have 
special  coatings  other  than  those  materials  retained 
from  wire  drawing  operations.  These  coatings  are 
necessary  for  wire  drawing,  and  their  slight  stabilizing 
action  on  the  arc  is  only  incidental. 

Light-coated  electrodes.  Light-coated  electrodes  are 
made  of  wire  of  a  definite  composition.  The  surface  has 
a  thin  coating  applied  by  washing,  dipping,  or  drawing. 
These  coatings  are  chiefly  of  iron  oxide  and  titanium 
dioxide. 

Shielded-arc  electrodes.  Shielded-arc,  or 
heavy-coated,  electrodes  are  of  wire  of  a  definite 
composition,  with  a  heavy  coating  around  the  wire. 
The  coatings  of  the  principal  types  of  heavy-coating  or 
shielded-arc,  electrodes  are  made  of  three  general  types 
of  material:  (1)  cellulose,  (2)  mineral,  or  (3)  a 
combination  of  both  materials.  The  cellulose-coated, 
shielded  types  (reverse  polarity  electrodes)  are  wood 
pulp,  sawdust,  cotton,  or  various  compositions 
secured  from  the  manufacture  of  rayon.  The 
mineral-coated,  shielded  types  (straight  polarity 
electrodes)  are  made  of  metallic  oxides  or  of  specially 
manufactured  forms  of  silicates. 

Characteristics  of  Electrodes.  Each  of  the  three  types 
of  electrodes  has  its  own  special  characteristics,  which 
either  help  or  hinder  the  welder. 


^ ;  0 


ERIC 


Bare  electrodes.  Bare  electrodes  are  the  most 
difficult  to  produce  a  satisfactory  weld  with,  because  of 
their  tendency  to  cause  arc  to  A^aver.  These  electrodes 
can  also  be  overheated  very  easily  and  cause  excessive 
splatter  in  the  weld  area.  However,  they  are  still  used  to 
produce  welds  in  areas  where  post  cleaning  is  difficult. 
Bare  electrodes  are  now  more  commonly  used  in  MIG 
(metal-inert  gas)  welding. 

Light-coated  electrodes.  These  electrodes,  having  a 
very  light  protective  coating,  produce  a  more  stable  arc 
than  bare  electrodes,  but  they  usually  do  not  produce 
slag.  The  ones  that  do  produce  a  slag  produce  only  a 
very  thin  layer,  which  does  not  give  very  much 
protection  to  the  weld. 

Heavy-coated  electrodes.  The  heavy-coated 
electrodes  are  the  most  commonly  used  because  the 
coating  improves  the  physical  properties  of  the  weld 
deposit.  The  coatings  also  control  arc  stability  and 
increase  the  speed  and  ease  of  welding  in  the  vertical 
and  overhead  position.  This  control  is  produced, 
because  the  filler  metal  (rod)  actually  burns  (melts) 
about  1/16  of  an  inch  inside  the  coating.  Figure  2-1 
illustrates  shielding  produced  by  heavy-coated 
electrodes.  The  cellulose  type  of  electrode  coating 
depends  upon  a  gaseous  shielding,  or  covering,  for 
protection.  The  mineral  type  of  coated  electrode  uses 
the  slag  as  a  shield.  The  slag  is  mainly  of  silicon  dioxide 
and  aluminum  oxide,  which  forms  a  blanket  over  the 
weld  deposit  to  reduce  the  cooling  rate  of  the  molten 
metal.  The  characteristics  of  some  common 
heavy-coated  electrodes  are  as  follows: 

a.  The  E-6010  electrode  is  the  most  universally  used 
of  all  metallic  arc  welding  electrodes,  mainly  because 
it  can  be  used  in  all  positions  and  the  weld  deposit  has 
physical  properties  at  least  as  good  as  those  of  any 
other  electrode.  It  is  sometimes  referred  to  as  the 
cellulose  type.,  because  the  coating  contains  a 
considerable  amount  of  cellulose,  such  as  wood  flour 
or  paper  flour,  combined  with  other  ingredients  which 
are  added  to  obtain  certain  specific  qualities,  such  as 
volume  and  fluidity  of  the  slag.  The  heat  of  the  arc 
causes  the  coating  to  burn  and  generate  large  volumes 
of  gases,  which  effectively  shield  the  molten  metal  from 
air,  preventing  the  formation  of  harmful  oxides  and 
nitrides.  Good  penetration  is  characteristic  of  this  type, 
as  well  as  quick  freezing  of  the  weld  metal  slag,  which 
makes  it  applicable  for  vertical  and  overhead  work. 

b.  The  E-601 1  electrode  is  designed  to  perform  the 
same  work,  using  alternating  current,  that  E-6010 
performs  on  reverse  polarity  direct  curre»:C.  It  is  an 
all-position  electrode  with  somewhat  more  slag  than 
the  E-6010.  The  coating  contains  not  only  gas-  and 
slag-forming  ingredients,  but  others  for  the  purpose  of 
sustaining  the  arc  when  both  current  and  voltage  are 
alternating  from  maximum  positive  values  through 
zero  to  maximum  negative  values.  The  range  of 
welding  current  in  which  various  sizes  of  electrodes  can 
be  used  satisfactorily  is  narrower  than  in  the  case  of 
E-6010,  which  means  that  the  welding  current  controls 
must  be  set  more  exactly. 

c.  The  E-601 2  electrode  is  used  with  DC  straight 
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Figure  2-1.  Arc  characteristics  of  hoavy-coatcd  electrode. 


polarity  but  does  very  well  with  AC,  as  is  the  case  with 
most  straight  polarity  electrodes.  The  penetration  is 
not  deep;  consequently,  the  E-601 2  electrode  has  many 
advantages  on  jobs  where  the  fit-up  is  poor  and  on 
light  gage  material,  because  there  is  less  tendency  to 
burn  through  than  with  the  E-6010  or  E-601 1.  The 
E-601 2  is  an  all-position  electrode,  which  is  used  for 
fast  welding  speeds  and  produces  less  splatter  than 
most  other  types.  The  bead  profile  is  not  as  flat  as  that  of 
the  E-6010,  but  it  is  often  desirable  for  producing 
horizontal  fillets  because  of  the  apf>earance  of  the  weld. 

d.  The  E-601 3  electrode,  operating  on  AC,  serves 
the  same  purpose  as  the  E-6012  operating  on  DC 
straight  polarity.  The  coating  contains  a  high 
percentage  of  material  for  stabili^ing  and  maintaining 
the  arc.  Penetration  is  less  than  usually  obtained  with 
the  E-60 1 2  and  splatter  loss  is  low.  This  electrode  is  the 
most  effective  for  welding  lightweight  tubular 
assemblies.  It  is  satisfactory  with  DC  straight  polarity, 
but  the  original  intention  was  to  pair  it  with  E--60 1 1 ,  as 
the  E-6012  pairs  with  the  E-6010. 

Exercises  (AOS): 

1.  What  is  the  most  stable  of  the  three  types  of 
electrodes? 


2.  Associate  each  of  the  following  terms  with  bare, 
light-coated,  or  heavy-coated  electrodes,  writing 
the  corresponding  word  by  each: 

 a.  Cellulose-coated. 

 b.  Coating  retained  from  drawing. 

 c.  Used  where  post  cleaning  is  not  applicable. 

 d.  Increase  ease  of  vertical  welding. 
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Electrode 
diameter  (in) 


Amperes 
Minir.^um  Maximum 


Standard  Electrode 
Length  (in) 


1  y  1  ^ 
1  /  16 

40 

i  i  1  /  ^ 

3/  6Z 

70 

1 4  or  io 

I/O 

1/8 

110 

1 4  or  io 

5/32 

150 

180 

14  or  18 

3/16 

180 

220 

14  or  18 

1/4* 

250 

300 

14  or  18 

5/16* 

300 

425 

14  or  18 

3/8* 

450 

550 

14  or  18 

*Diameters  1/4",  5/16",  and  3/8"  are  in  for  flat  position  welding  only, 
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Figure  2-2.  Current  selling  range. 


-e.  E-6010. 

.  f.  Create  excessive  splatter. 

.  g.  Coating  applied  by  washing  or  dipping. 

-  h.  Controlled  gaseous  shield. 

-  i.  Improve  physical  properties. 

-  j.  Most  commonly  used. 


2-^2.  Setting  Up  for  Arc  WelJIng 

This  may  be  a  small  section  but  its  contents  are  very 
important.  We  will  discuss  items  of  common  sense  and 
safety.  Things  you  should  do  to  protect  yourself. 

A06.  Concerning  arc  welding  safety,  cite  factors  to 
consider  when  setting  up  for  such  welding,  the 
conditions  in  which  personnel  are  highly  susceptible 
to  severe  shock,  and  how  to  protect  hands  and  eyes 
when  welding. 

When  any  one  sets  up  to  perform  arc  welding, 
several  factors  must  be  considered.  These  are:  (1)  type 
of  work,  (2)  type  of  machine,  (3)  type  of  electrode,  (4) 
the  current,  and  (5)  safety  factors.  The  first  four  factors 
are  very  closely  related,  so  we  will  discuss  them 
together. 

Work,  Machine^  Electrode,  and  Current.  Consider 
the  four  factors  in  this  heading  first;  they  are  dependent 
upon  each  other  and  along  with  proper  safety,  enable 
you  to  accomplish  the  correct  setup  to  produce  a  sound 
weld.  We  will  discuss  correct  setup  to  produce  a  sound 
weld.  The  type  of  work  or  welding  that  yov  must 
perform  will  influence  your  selection  of  electrodes 
which,  in  turn,  will  affect  the  current  and  voltage  and 
thus  determine  the  type  of  machine  for  you  to  use.  If 


your  work  requires  deep  penetration  and  it  is  thick 
plate,  you  would  need  a  different  electrode  than  you 
would  for  shallow  penetration  or  thin  work.  At  the 
same  time,  in  this  area  of  interdependency,  the 
selection  of  the  proper  welding  current  and  voltage 
depends  upon  the  size  of  the  electrode,  the  thickness  of 
the  plate,  and  the  welder's  skill.  In  the  flat  position,  you 
can  use  higher  current  and  voltage  than  for  vertical  or 
overhead  position  welding  with  an  electrode  of  the 
same  size.  Because  of  this  relationship  of  factors 
affecting  one  another,  we  can  only  use  generalized 
data,  such  as  shown  in  figure  2-2,  to  aid  us  in  setting  up 
for  arc  welding.  Consequently,  each  one  of  us  may  set 
up  for  welding  in  a  slightJy  different  way  from  others, 
because  of  that  person's  individuality.  However,  there 
is  one  thing  none  of  us  should  ever  overlook — that  is 
SAFETY. 

Safety  Precautions.  Many  accidents  can  be  caused 
by  defective  equipment,  deliberate  violation  of  safety 
precautions,  and  ignorance  or  neglect  of  safety  rules  or 
practices.  In  the  event  of  an  emergency  not  covered  by 
the  rules  listed  here,  you  should  obey  the  orders  of  your 
supervisor  or  follow  posted  instructions. 

Hazards  of  electrical  shock.  The  AC  and  DC  open 
circuit  voltages  are  low  in  comparison  with  voltages 
used  for  lighting  circuits  and  motor-driven  shop  tools 
and,  normaPy,  will  cause  neither  injury  nor  shock. 
These  voltages  will,  however,  cause  severe  shock, 
particularly  in  hot  ^veather,  when  you  are  perspiring. 
Consequently,  you  should  always  check  the  welding 
equipmen*  to  t^^ake  certain  thut  the  electrode 
connections  and  the  insulation  on  holders  and  cables 
are  in  good  condition.  Keep  your  hands  and  body 
insulated  from  the  work,  the  metal  electrode,  and  the 
holder,  and  avoid  standing  on  wet  floors  or  coming  in 
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contact  with  grounded  surfaces.  Perform  all  welding 
operations  within  the  rated  capacity  of  the  welding 
cables.  Excessive  heating  will  impair  the  insulation  and 
damage  the  cable  leads.  Inspect  the  cables  periodically 
for  looseness  at  the  connections,  defects  due  to  wear,  or 
other  damage.  Defective  or  loose  cables  are  a  fire 
hazard.  Defective  electrode  holders  should  b^  replaced 
and  connections  to  the  holder  should  be  tightened. 

Eyes.  The  helmet  is  the  most  important  item  of  the 
safety  equipment;  make  sure  that  it  is  fitted  with  a  lens 
that  is  suited  to  your  eyes  (lens  shade  #  1 0  or  #  1 2  may  be 
used  for  amperages  from  75  to  400;  #14  is 
recommended  for  amperages  over  that).  Since  the  rays 
of  the  arc  are  also  harmful  to  the  eyes  of  anyone  in  the 
vicinity,  the  arc  should  always  be  scr-ened  by  booths  or 
curtains.  When  welding  must  be  done  in  the  open, 
persons  working  nearby  should  wear  goggles  or  be 
warned  against  the  hazard  of  exposing  themselves  to, 
or  looking  directly  at,  the  arc. 

Clothing.  Wear  leath'^r  gloves  of  the  gauntlet  type  to 
protect  your  hands  from  the  heat  and  injurious  rays 
emitted  by  the  arc.  A  leather  apron  is  recommended  for 
protection  against  flying  globules  of  molten  metal.  A 
leather  jacket  or  sleeves  are  required  for  vertical  and 
overhead  welding.  You  should  wear  high-top  shoes. 


Turn  down  trouser  cuffs  and  wear  leggings  for  the  mos: 
hazardous  operations.  Do  not  wear  torn  or  ragged 
clothing,  as  it  catches  fire  easily  and  exposed  parts  of 
the  body  may  be  painfully  burned. 

Exr^rclses  (A06): 

1 .  List  the  factors  to  be  considered  in  setting  up  for  arc 
welding. 


2.  When  are  you  particularly  susceptible  to  severe 
shock  from  AC  and  DC  open  circuit  voltages? 


3.  What  feature  of  your  helmet  should  you  check  to 
provide  eye  care  when  welding? 


4.  How  can  you  effectively  protect  your  hands  when 
welding? 
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Metallic  Arc  Welding 


METALLIC  ARC  welding  can  be  defined  as: 
^'Progressive,  localized  fusion  produced  by  electric 
heating  with  an  electric  arc  and  not  requiring  pressure 
using  a  suitable  electrode."  The  electric  arc  produces 
temperatures  ranging  from  5,000°  to  10,000°  F.  and 
fuses  (melts)  the  edges  of  the  metal  together.  This 
fusion  is  aided,  and  filler  metal  is  added  to  the  weld  by 
the  melting  electrode. 

In  this  chapter,  we  discuss  metallic  arc  welding 
broken  down  into  six  numbered  sections.  These 
sections  are  arc  welding  problems,  building  up  flat 
surfaces,  preparing  and  welding  joints  in  the  flat 
position,  horizontal  position  welding,  vertical  position 
welding,  and  overhead  position  welding. 

3-1.  Arc  Welding  Problems 

Arc  welding  is  a  very  modern  means  of  uniting  metal 
because  of  all  the  advances  which  have  been  made  in 
our  field.  However,  it  is  not  without  its  problems.  The 
bigp-'s*  problem,  the  one  which  will  discuss,  is  the  effect 
tha:  *  i  heat  has  upon  the  base  metal  involved  in  the 
actum  fusion  and  the  surrounding  area. 

A07.  State  how  heat  from  electric  arc  welding  affects 
the  metal  involved  and  the  surrounding  area. 

Heat  Effect  in  Arc  Welding,  The  heat-affected  area 
in  welding  operations  is  that  portion  of  the  base  metal 
that  is  changed  metallurgically  by  the  welding  heat. 
This  heat-affected  area  consists  of  three  zones:  (1)  the 
very  hot  section  next  to  the  molten  filler  metal,  (2)  the 
annealed  section  next  to  the  heated  base  metal,  and  (3) 
the  zone  adjacent  to  the  cold  base  metal. 

The  rate  at  which  heat  is  applied  to  the  plates  is 
greater  in  arc  welding  than  it  is  in  oxyacetylene 
welding;  this  causes  a  higher  concentration  of  heat  at  a 
particular  point.  Tlierefore,  a  steeper  heat  gradient 
results,  and  less  metal  is  affected  by  the  heai.  In  bare 
wire  arc  welding,  the  heat-affected  zone  is  narrowest;  it 
increases  with  heavy-coated  electrodes.  Stainless  steel 
electrodes  produce  a  smaller  disturbed  area  than  do  the 
heavy-coated  steel  electrodes. 

Factors  Affecting  the  Heat-Disturbed  Area.  In 
general,  the  extent  of  the  heat-affected  area  will 
increase  with  the  amount  of  welded  energy  used  in  arc 
welding,  the  welding  energy  being  a  function  of  the 
voltage  and  amperage  settings.  Greater  penetration  for 
arc  welds  is  not  necessarily  obtained  with  an  increase  in 
the  heat-affected  area,  because  this  increase  is  in  width 


rather  than  in  depth.  With  the  exception  of  cored  and 
stainless  steel  arc  welds,  the  smaller  the  heat-affected 
area,  the  more  rapid  the  removal  of  heat  from  the  area 
by  the  surrounding  parent  metal  will  be.  In  arc 
welding,  the  extent  of  the  heat-disturbed  area  is 
increased  under  these  conditions  listed  below: 

•  When,  with  a  constant  current,  the  welding  speed 
is  decreased. 

•  When,  with  a  constant  welding  speed,  the  current 
is  increased. 

•  When  the  arc  length  is  shortened  and  the  settings 
on  the  welding  machine  remain  unchanged. 

•  When  the  heat-affected  area  is  increased  in  lighter 
sections  of  the  plate. 

•  When  preheating  increases  the  heat-affected  area. 

Hardness  in  Arc  Welding.  Arc  welding  produces 
greater  hardness  than  does  oxyacetylene  welding  in  the 
heat-aflfected  area  for  the  same  type  of  welding 
operation,  and  the  hardened  zone  is  more 
concentrated.  In  general,  the  greater  the  hardness 
produced  in  arc  welds,  the  more  likely  the  weld  is  to 
crack  when  ♦he  molten  metal  solidifies.  Arc  welds  on 
plate  containing  0.35  percent  carbon  or  a  higher 
percentage  show  a  greater  rate  of  increase  in  hardness 
than  do  steels  containing  a  lesser  amount  of  carbon.  In 
alloy  steels,  certain  elements  are  added  to  increase  the 
strength,  but  they  also  increase  the  hardness  produced 
by  the  carbon.  The  carbon  content  in  easily  welded 
grades  of  p^ate  is  usually  kept  low  to  prevent  excessive 
hardness  in  the  welding  operation.  In  plain  carbon 
steels  having  0.25  percent  carbon  or  less,  welds  made 
by  either  arc  or  gas  welding  do  not  change  to  a 
noticeable  degree  in  hardness,  ductibility,  or  tensile 
strength. 


Exercises  (A07): 

1 .  What  are  the  heat-affected  zones  when  arc  welding? 


2.  How  is  the  heat-affected  area  changed  when  the 
current  is  kept  constant  but  the  welding  speed  is 
decreased?  Increased? 
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Figure  3-1.  Electrode  aii^^le  lor  making  beads 


3.  Comparing  arc  welding  to  oxyacctylcnc  welding, 
which  produces  greater  hardness  in  the 
heat-affected  zone? 


4.  How  does  the  arc  length  affect  the  heat-affected 
area? 


5.  Does  greater  penetration  mean  you  will  have  a 
larger  heat-affected  area?  Why? 


Bead  Welding.  In  bead  welding  with  bare  or 
lightly-coated  electrodes,  hold  the  electrode  at  90°  to 
the  base  metal  as  shown  in  view  A,  figure  3-1.  When 
you  use  coated  electrodes,  till  the  electrode  5°  to  15°  in 
the  direction  of  travel,  as  shown  in  view  B.  Tilting  the 
electrode  gives  you  a  clearer  view  of  the  crater  and 
helps  to  control  the  molten  slag.  The  proper  arc  length 
or  gap  between  the  end  of  the  electrode  and  the  plate 
should  be  appro.ximately  equal  to  the  diameter  of  the 
electrode  used.  However,  when  striking  the  arc  figure 
3  2,  and  starting  the  weld,  hold  a  long  are  momentarily 
to  preheat  the  base  metal  and  permit  fusion  at  the 
beginning  of  the  weld.  At  the  end  of  the  weld,  shorten 
the  arc  length  to  prevent  forming  a  crater  or 
depression. 

If  the  current,  polarity,  and  length  of  the  arc  are 
correct,  the  metal  melts  to  form  a  pool  of  molten  metal 
at  the  point  where  the  arc  strikes  the  plate.  Molten 
metal  is  forced  out  of  the  pool  by  the  blast  from  the  arc. 
A  small  depression  forms  in  the  base  metal  and  the 
molten  metal  piles  up  around  it;  this  is  called  an  arc 
crater,  and  appears  in  figure  3-3.  The  size  and  depth  of 
craters  depend  upon  the  current  settings,  the  speed  of 
travel,  the  diameter  of  the  electrode,  and  the  length  of 
the  arc.  The  depth  of  the  crater  provides  a  means  of 
observing  the  penetration  or  depth  to  which  the  arc 
melts  into  the  base  metal.  The  depth  of  penetration 
should  not  be  less  than  1/  16  inch. 

The  speed  of  travel  depends  upon  the  proportions  of 
the  bead  desired,  current  value,  and  size  of  the 
electrode  being  u.sed.  The  speed  of  travel  is  governed  by 
observing  the  trailing  edge  of  the  crater.  By  closely 
watching  the  jrater  and  its  trailing  edge,  you  can 
determine  the  penetration  and  the  width  and  height  of 
the  reinforcement.  Since  the  speed  of  travel  and 
current  setting  are  related  factors  in  determining  the 
quality  of  a  weld,  you  must  learn  to  recognize  the  weld 
appearance  resulting  :f  either  factor  is  wrong.  Figure 
3  4  shows  the  results  of  using  various  welding  speeds 
and  current  values. 

Padding,  Padding  (building  up)  is  a  welding 
operation  which  is  used  to  increase  the  thickness  of  the 
parent  metal  Padding  may  be  used  to  build  worn  parts 
up  to  their  original  dimensions.  The  padding  of  large 


3-2.  Building  Up  Flat  Surfaces 

A  welder  can  always  correct  his  short  mistakes  if 
they  aren't  too  big.  That  is,  if  he  knows  how  to  build  up 
surfaces.  In  this  section,  we  will  discuss  just  how  to  run 
beads  and  to  build  up  flat  surfaces  (padding). 

AOS.  Identify  procedures  involved  in  bead  welding 
and  building  up  flat  surfaces. 

The  first  requirement  for  good  welding  is  to  make 
sure  that  you  have  clean  working  surfaces.  Oil,  dirt, 
and  other  foreign  matter  on  the  metal  to  be  welded  can 
cause  such  defects  as  lack  of  fusion,  porosity,  and  slag 
inclusions. 
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I-'igure  3  2.  Striking  the  arc, 
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Exercises  (AOS): 

1 .  What  is  the  angle  of  the  electrode  when  using  a  bare 
electrode?  A  heavy-coated  electrode? 


2.  What  is  the  minimum  penetration  acceptable  when 
welding  beads? 


53-962 

iMgurc  3  3.  Arc-wcldcd  bead. 


3.  What  determines  the  speed  of  travel  when  bead 
welding? 


parts  is  generally  done  in  layers  of  stringer  beads 
welded  in  at  right  angles  to  each  other,  as  shown  in 
figure  3-5.  When  only  a  thin  layer  of  added  filler  metal 
is  required,  padding  is  done  by  weaving  the  electrode  to 
produce  a  wide  bead  of  thin  cross  section. 

Kind  and  size  of  electrode.  Bare  electrodes  are  used 
when  ductility  and  strength  are  of  secondary 
importance.  If  dense,  ductile,  hard,  or 
corrosion-resistant  properties  are  required  in  the 
deposited  metal,  coated  electrode  may  be  used.  The 
size  of  the  electrode  depends  upon  the  size  of  the  work; 
for  example,  the  mass  of  a  6-inch-diameter  shaft  would 
permit  the  use  of  larger  electrodes  and  higher  current 
values  than  a  shaft  of  1  inch  diameter. 

Welding  procedure.  It  is  essential  in  padding  to 
correctly  merge  successive  and  adjacent  stringer  beads. 
In  laying  each  pass,  hold  the  electrode  so  that  it  bites 
into  the  parent  metal  at  the  same  time,  as  shown  in 
figure  3-6.  When  the  beads  are  not  merged  in  this 
manner,  defects  will  show  up  in  the  form  of  voids  and 
slag  inclusions,  as  shown  in  figure  3-7.  You  usually 
have  a  choice  of  running  the  beads  either  parallel  or  at 
right  angles  to  the  longest  dimension  of  the  work.  You 
would  normally  choose  the  lengthwise  direction, 
because  it  permits  a  longer  interval  of  time  before  the 
concentrated  heat  of  the  arc  comes  back  to  the  starting 
point.  This  procedure  minimizes  welding  stresses  by 
providing  a  greater  length  of  time  for  the  work  to 
absorb  and  distribute  the  heat  input  of  the  arc. 

In  most  cases,  the  edges  of  the  part  being  padded 
should  first  be  encircled  with  beads  (fig.  3-8)  so  that  the 
stringer  beads  may  be  ended  with  less  difficulty.  This 
procedure  reduces  the  possibility  of  causing  crater 
cracks  and  overheating  with  the  melting  away  of  the 
edges  of  the  work.  Hold  a  long  arc  momentarily  in 
starting  each  pass.  Fill  all  craters  and  carefully  avoid 
overheating  the  edges.  When  you  use  coated 
electrodes,  every  bead  must  be  cleaned  with  a  slag 
hammer  and  wire  brush.  Wire  buffing  between  layers  is 
generally  adequate  when  you  use  bare  electrodes. 
When  one  layer  of  beads  has  been  deposited,  turn  the 
plate  so  that  the  next  layer  is  deposited  at  a  right  angle 
to  the  previous  layer.  Quench  the  plate  often  enough  to 
keep  it  from  becoming  excessively  hot. 


4.  Why  are  the  edges  first  encircled  with  beads  when 
padding? 


5.  How  are  the  layers  deposited  when  padding? 


6.  What  is  the  first  step  in  prcducin,^  a  good  padding? 
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A.  CURRENT  SETTING  TOO  HIGH 

B.  CL•7RE^'T  SETTING  TOO  LOW 

C.  CURRENT  SETTING  CORRECT 

D.  RATE   or   TRAVEL    TOO  f-*AST 

E.  RATE   or   TRAVEL  )W 

F.  RATE   or  TRAVr' 


Figure  3-4.  Arc  welding  results. 


15 


ERIC 


57 


D 


53-964 

Figure  3  5,  Padding, 


3-3.  Preparing  and  Welding  Joints  in  the  Flat 
Position 

An  important  part  of  arc  welding  is  the  selection  of 
the  hcst  type  of  joint  to  be  used  for  a  particular  job.  The 
Nclcction  is  sometimes  dictated  by  conditions,  but  very 
oiten  a  choice  is  possible.  Of  course,  the  best  joint  is  the 
most  economical  one  that  will  stand  up  under  the  usage 
rcquiiod.  In  making  the  selection,  you  must  consider 
three  main  factors: 

( 1)  1  he  load  and  unload  characteristics.  This  refers 
to  whether  the  load  is  under  compression,  tension, 
bending,  fatigue,  or  impact  stress,  or  any  combination 
of  these. 

(2)  The  manner  in  which  the  load  is  applied;  that  is, 
whether  the  load  application  is  steady,  variable,  or 
sudden. 

(3)  The  cost  of  joint  preparation  and  the  actual 
welding  Also  to  be  considered  are  the  effects  of 
warping,  the  ease  of  welding,  and  the  smoothness  of 
the  joint. 


In  this  section,  we  discuss  the  three  most  common 
types  of  joints:  ( 1 )  lap,  (2)  tee,  and  (3)  butt .  We  also  see 
how  each  is  affected  by  the  three  factors  just  stated 
above. 

A09.  Identify  factors  to  consider  in  making  lap  joints 
and  tee  joints. 

Lap  and  Tee  Joints.  The  lap  joint  is  a  joint  in  which 
the  edges  of  two  plates  are  set  one  above  the  other  and 
welded,  binding  the  edge  of  one  sheet  to  the  surface  of 
the  other  sheet.  It  is  frequently  used  where  a  flush  joint 
is  not  required.  The  ease  of  preparation  and  welding 
makes  it  an  ideal  joint  for  structural  work. 

The  two  most  common  lap  joints  used  tojoin  metals 
by  arc  welding  are  the  single  fillet  lap  joint,  figure  3-9, 
and  the  double  fillet  lap  joint,  figure  3-10.  The  single 
fillet  lap  joint  is  used  frequently,  since  it  requires  no 
machining  to  fit  the  edges  of  the  plate.  If  the  loading  is 
not  too  severe,  this  joint  is  suitable  for  welding  plates  of 
all  thicknesses:  but  if  fatigue  or  impact  loads  are 
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Figure  3  8.  First  step  of  padding. 


encountered,  concentrations  of  stress  will  occur  at  the 
edge  of  the  weld.  Under  tension,  the  plates  will  pull  out 
of  line,  thus  subjecting  the  root  to  bending.  The  double 
fillet  lap  joint  is  suitable  for  more  severe  loading 
conditions  than  can  be  met  by  the  single  fillet  lap  joints. 
Lap  joints  are  not  desirable  under  fatigue  or  impact, 
but  they  are  capable  of  developing  high  efficiency 
under  shear  and  tension  stresses. 

A  tee  joint  is  formed  when  the  edge  of  one  plate  is 
joined  approximately  perpendicular  to  the  face  of 
another  plate.  The  weld  in  this  joint  is  a  fillet  weld  and 
is  approximately  triangular  in  cross  section.  It  is  a  very 
rigid  joint  and  is  used  extensively  in  structural  work. 
View  A  of  figure  3-11  shows  a  square  -dge  or  plain  tee 
joint  used  for  joining  metals  up  to  d  inch  thick  in 
which  no  edge  preparation  is  requireo.  /ou  may  weld 
from  one  or  both  sides,  depending  upon  the  strength 
desired.  When  heavier  metal  is  involved,  up  to  3/8 
inch,  use  a  single  bevel,  as  shown  in  view  B  of  figure 
3-1 1,  and  weld  thejoint  from  one  side.  View  C  of  figure 
3-1 1  shows  adoublebeveledteejointusedonsteel  over 
1/2  inch  thick,  with  thejoint  welded  from  both  sides. 
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F-igure  3  9.  Single  fillet  lap  joint. 
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Figure  ?>  10.  Double  fillet  lap  joint. 


Lap  welding  procedure.  When  you  are  joining  metal 
thicknesses  greater  than  1  8  inch,  the  edges  of  the  sheet 
should  overlap  approximately  three  to  four  times  the 
metal  thickness.  Tack  the  plates  at  intervals  of 
approximately  8  inches.  If  you  must  force  the  fit-up  by 
means  of  dogs,  as  illustrated  in  figure  3-1 2,  short  welds 
are  preferred  to  tack  welds. 

Hold  the  electrode  at  an  angle  of  30"*  with  the 
vertical,  and  tilt  the  top  of  the  electrode  to  an  angle  of 
15°  in  the  direction  of  travel,  as  shown  in  figure  3-13. 
Hold  a  long  arc  momentarily  at  the  start  of  the  weld  to 
insure  penetration.  Heavy  plates  conduct  heat  away 
more  quickly  than  light  sheets;  therefore,  the  speed  of 
travel  should  be  slower.  For  the  same  reasonn,  higher 
current  values  may  be  used  on  heavy  work.  Direct  the 
arc  so  that  penetration  will  be  obtained  in  both  the 
upper  and  lower  plates.  When  one  pass  or  bead  will  not 
provide  the  proper  size  of  weld,  make  a  multiple-pass 
fillet  weld.  In  making  lap  joints  on  plates  of  different 
thicknesses,  hold  the  electrode  at  an  angle  of 
approximately  20*^  with  the  vertical.  Take  care  not  to 
overheat  or  undercut  the  thinner  plate  edge.  You  must 
control  the  arc  in  such  a  manner  that  the  molten  metal 
flows  to  the  edge  of  this  plate. 

Tee  welding  procedure.  Tee  joints  may  be  welded  in 
the  flat,  horizontal,  vertical,  and  overhead  positions. 
In  the  flat  position,  the  weld  is  included  from  0°  to  45'* 
and  rotation  of  the  face  is  0°  to  45°  from  the  180°  flat 
position.  Make  the  fillet  weld  in  a  tee  joint  by 
depositing  multiple  passes  of  stringer  beads,  as  fig. 
3-14  shows  or  by  weaving  the  electrode  as  fig.  3-15 
shows,  to  form  a  wide  bead.  The  electrode  should  be 
held  at  a  45°  angle  to  both  plates  and  a  75°  angle  to  the 
direction  of  travel  (as  shown  in  fig.  3  16).  Stringer 
beads  are  generally  preferred  for  fillet  welds  of 
maximum  strength  and  ductility,  since  each  successive 
layer  of  beads  tends  to  refine  the  grain  structure  of  the 
previous  layer.  The  sequence  of  the  first  three  passes  of 
a  multiple-pass  flat  fillet  weld  is  shown  in  figure  3-14. 
Note  the  slightly  changing  angle  of  the  electrode  with 
each  pass.  Figure  3  17  shows  several  accepted  weave 
motions  for  depositing  a  weave  bead  (overlay)  to  cover 
the  stringer  beads  of  a  multiple-pas.s  flat  fillet'w  eld.  The 
weave  shown  in  the  top  view,  figure  3  1 7,  with  a  slight 
pause  at  the  apex  of  each  angle,  is  an  elementary 
motion  preferred  for  beginners.  The  other  views  in  the 
figure  show  more  advanced  motions,  including  each 
staring  point. 


17 


5  7 


Jl 


II  ir 

1/32  TO  1/16 


1/16 


l/ieVo  3/32* 


I'  lS-hH-        1/16  TO 
W_jr3/32" 


T 


T 


A.  PLAIN  TEE 


B     SINGLE  V  TEE 

Figure  3-11.  Tee  joint  preparation 


53-869 


C.  DOUBLE  V  TE 


ERIC 


1 


THIRD 
PASS 


53-1033 

Figure  3  14.  Multiple  passes  tor  a  tee  joint  (Hat  position). 
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Weld  requirements  for  lap  Joints.  When  the  lap  weld 
(figs.  3-9  and  3-10)  is  properly  made,  the  upper  leg  will 
equal  the  thickness  of  the  metal.  The  lower  leg  will 
equal  P/4  times  the  metal  thickness,  while  the  throat 
thickness  should  equal  the  thickness  of  the  base  metal. 

If  metals  of  unequal  thickn'  ses  are  used,  the  weld 
specifications  are  based  upon  the  thickness  of  the 
thinner  sheet.  Penetration  for  metals  1/8  inch  thick 
should  be  1/16  inch.  For  lighter  gages,  the  penetration 
should  be  30  to  50  percent  of  the  metal  thickness.  The 
face  on  lap  joints  should  be  slightly  convex  in  shape, 
thus  permitting  a  smooth  flow  of  stress  lines  through 
the  face  of  the  weld.  Any  abrupt  change  in  shape  of  the 
face,  such  as  undercutting  or  overlapping  at  the  edge  or 
toe  of  the  weeld,  will  cause  points  of  stress 
concentration,  thus  reducing  the  strength  of  the  weld. 
Figure  3-18  shows  proper  and  improper  stress 
distribution. 

In  many  cases,  the  strength  of  the  welded  joint  is 
affected  by  the  location  of  the  welds  in  relation  to  the 
parts  joined.  Other  factors  being  equal,  welds  that  have 
their  linear  dimensions  transverse  to  the  lines  of  stress, 
as  shown  in  figure  3-19,  are  approximately  30  percent 
stronger  than  welds  with  linear  dimensions  parallel  to 
the  lines  of  stress.  Figure  3-19  illustrates  this  condition 
in  view  B.  In  welds  that  have  their  linear  dimensions 
approximately  parallel  to  the  line  of  force,  the  stress 


upon  the  weld  is  in  the  shear.  The  shear  in  this  case  is 
greater  at  the  ends  of  the  welds  than  at  the  middle.  In 
certain  cases,  to  obtain  greater  resistance  to  the  tearing 
action  of  the  weld,  it  is  advisable  to  hook  the  bead 
around  the  joints,  as  shown  in  figure  3-20. 

Weld  requirements  for  tee  joints.  The  requirements 
for  tee  joints  are  expressed  by  nomenclature,  as  shown 
in  figure  3-2 1 .  Regardless  of  whether  stringer  or  weave 
beads  are  used  in  making  a  tee  joint,  the  size  of  the  weld 
remains  the  same.  The  size  of  a  fillet  weld  is  expressed 
in  terms  of  the  length  of  the  legs  of  the  largest  isosceles 
triangle  which  can  be  described  in  the  weld  cross 
section,  as  shown  by  the  hidden  object  lines  in  figure 
3-22.  The  length  of  the  legs  and  the  thickness  of  the 
throat  are  based  on  the  thickness  of  the  base  metal,  as 
shown  in  figure  3-22. 

In  the  welding  of  tee  joints,  undercutting  frequently 
occurs  along  the  toe  of  the  upper  leg.  This  defect  is  a 
groove  melted  in  the  base  metal  adjoining  the  toe  of  the 
weld,  as  shown  on  the  right  in  figure  3-23.  The  chief 
causes  of  this  are  a  welding  current  that  is  too  high  and 
improper,  and  the  angle  of  the  electrode.  Correcting 
the  current  setting  and  changing  the  electrode  angle 
and  manipulation  of  the  electrode  to  wash  molten 
metal  up  to  the  toe  of  the  vertical  leg  usually  corrects 
this  fault.  The  characteristics  of  a  good  tee  joint  are 
shown  on  the  left  in  figure  3-23. 
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Figure  3-19.  Weld  loction  in  relation  to  the  line  of  stress. 


Exercises  (A09): 

1.  When  welding  a  lap  joint  of  steel  1/4  inch  thick, 
what  is  the  approximate  minimum  plate  overlap? 

2.  Write  true  or  false  beside  each  of  the  following: 

 a.Tee  joints  are  welded  with  multiple  passes. 

 b.  Lap  joints  cannot  be  made  using  unequal 

plate. 

 c.  Single  lap  joints  are  welded  using  only  one 

pass. 

 d.  Tee  joints  are  used  in  structural  repair. 

 e.  The  throat  of  tee  joints  is  equal  to  "T." 

 f.  Undercut  occurs  on  lower  legs  of  tee  joints. 

 g.  Weld  requirements  are  always  based  on  the 

thickness  of  the  base  metal. 
 h.  Lap    joint    fit-up    can    reduce  stress 

distribution. 

AlO.  Cite  factors  in  preparing  and  welding  butt  joints 
in  the  flat  position. 

Butt  Joints.  A  butt  joint  is  used  to  join  two  plates 
having  surfaces  in  approximately  the  same  plane. 
Several  methods  of  edge  preparation  for  joints  are  used 
to  make  butt  welds  in  the  flat  position;  the  most 
important  are  shown  in  figure  3-24. 

The  heat  developed  at  a  joint  by  welding  causes  the 
metal  to  expand  and,  upon  cooling,  to  contract  a 
corresponding  amount.  Distortion  caused  by  the 
contraction  of  a  welded  joint  is  shown  in  figure  3-25. 
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Figure  3-2!.  Tee  joint  nomenclature. 


This  distortion  is  caused  by  a  greater  amount  of  hot 
metal  at  the  top  of  the  weld  than  at  the  root,  thus 
causing  more  contraction  across  the  top  of  the  weld 
joint. 

If  the  expansion  of  the  part  being  welded  is 
restrained  buckling  or  warping  may  occur  as  a  result  of 
the  expansion  stresses  developed.  If  the  contraction  is 
restrained,  the  parts  may  be  distorted. 

Welding  thick  material  presents  additional 
problems.  To  meet  the  weld  requirements  for  heavy 
metal  sections,  prepare  the  joint  edges  by  beveling. 
This  is  necessary  to  aid  in  securing  complete 
penetration  to  the  root  of  the  joint.  Because  of  the 
thickness  of  the  plates  and  the  beveling,  welds  cannot 
be  made  by  a  single  weld  bead,  so  a  series  of  either 
stringer  or  weave  beads  is  used.  This  method  of 
depositing  the  weld  metal  is  called  multiple-pass 
welding.  It  is  used  in  welding  thick  plates  to  avoid 
carrying  too  large  a  pool  of  molten  metal  which  can 
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Figure  3-20.  Welding  around  corners  to  resist  tearing. 


Figure  3-22.  Tee  joint  specifications. 
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Figure  3-23.  Characteristics  of  a  good  tec  joint  and  of  a  bad  lec  joint. 


cluse  slag  inclusions  or  cold  spots  in  the  weld.  A  large 
molten  pool  of  metal  is  difficult  to  control,  requiring 
high  heat  and  slow  speed  of  travel,  which  results  in 
excessive  grain  growth  and  unnecessary  melting  down 
of  the  joint  faces. 

By  using  multiple-pass  welds  on  heavy  butt  joints, 
you  can  concentrate  on  getting  good  penetration  at  the 
root  of  the  weld  in  the  first  pass.  On  succeeding  layers, 
you  can  concentrate  entirely  on  getting  good  fusion 
with  the  sides  of  the  bevel  and  the  preceding  layer.  You 
can  easily  control  the  final  layer  to  obtain  a  good, 
smooth  surface.  The  lower  layer  of  weld  metal  often 
cools  to  a  black  heat  and  reheats  to  a  temperature  high 
enough  to  permit  grain  refinement,  which,  in  effect,  is  a 
form  of  heat  treatment.  The  depth  of  metal  affected  by 
this  action  depends  upon  the  penetration  of  the 
welding  heat.  In  some  classes  of  work,  when  you  desire 
grain  refinement  in  the  top  layer  of  the  welded  joint, 
you  can  deposit  an  excess  layer  of  weld  metal  on  the 
finished  weld  and  then  machine  it  off.  The  purpose  of 
this  last  bead  is  to  supply  enough  welding  heat  to  refine 
the  weld  metal  in  the  final  layer  at  the  surface  of  the 
jomi. 

V  ht  dils,  the  simplest  thing  to  do  (before 

*  pieces  slir^^tly  in  the  opposite 
c.uuraction  is  lo  take  place.  Then, 
upon  c  >  .luig,  the  contraction  forces  will  pull  the  pieces 
back  into  position. 

Joint  preparation.  In  making  various  types  of  butt 
welds,  consider  the  following  examples  as  typical. 
They  should  serve  as  a  general  guide  for  welding  plates 
of  various  thicknesses.  In  addition  to  the  plate 
thickness,  another  factor  that  can  influence  the  method 
of  joint  preparation  is  the  type  of  equipment  available 


for  beveling  or  grooving.  You  can  prepare  joint  edges 
by  flame  cutting,  shearing,  flame  grooving,  machining, 
chipping,  and  grinding. 

Plates  1/  8  to  3/8  inch  thick  can  be  welded  with  no 
special  edge  preparation  by  making  a  bead  weld  on 
both  sides  of  the  joint  if  possible.  Use  a  single  bevel  to 
weld  metals  that  are  I  /  8  to  3  /  8  inch  thick  when  welding 
on  both  sides  is  not  possible.  Bevel  the  edge  to  an  angle 
of  30*^  tc  35°.  Use  the  single  bevel  (shown  in  fig.  3-24) 
view  D,  when  you  cannot  bevel  one  of  the  plates 
because  of  its  shape  location,  or  fixed  position.  In  this 
case,  the  weld  is  made  from  one  side.  The  single  "V" 
(shown  in  view  B  of  fig.  3-24)  differs  from  the  single 
bevel  in  that  you  bevel  the  edges  of  both  plates.  The 
included  angle  of  the  bevel  should  be  60°  to  75° .  Use  it 
on  the  same  thickness  of  metal  that  you  use  for  the 
single  bevel.  Make  the  weld  from  one  side  only.  The 
number  of  passes  required  will  depend  upon  the  metal 
thickness. 

Use  the  double  bevel  (shown  in  view  E  of  fig.  3-24) 
on  metals  over  3/8  inch  thick.  Bevel  the  edge  on  both 
sides  to  an  angle  of  30°  to  35°.  Use  the  double  bevel 
when  you  cannot  ^evel  the  joining  plate  in  the  same 
manner  and  t  c  ork  you  can  weld  on  both  sides.  The 
<kMe"V^^    _     n  fig.  3       view  C)  differs  from  v. 

w  ocvc  in  tb.a  >ou  bevel  the  edges  of  both  plates. 
The  included  angle  of  the  double  "V"  bevel  should  be 
from  60°  to  75° .  Use  it  on  the  same  thickness  of  metal 
that  you  use  for  the  double  bevel.  The  double  "V" 
requires  approximately  one-half  as  much  electrode  as 
the  single  "V"  butt  joint.  In  general,  butt  joints 
prepared  from  both  sides  permit  easier  welding, 
produce  less  distortion,  and  insure  better  weld  metal 
qualities  in  heavy  sections  than  the  joints  prepared 
from  one  side  only. 
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REINFORCEMENT  OF  WELD 
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REINFORCEMENT  OF  WElD 


A--SQUARE  GROOVE 

REINFORCEMENT  OF  WELD 


E  — DOUBLE  BEVEL  GROOVE  WELD 

REINFORCEMENT   OF  WELDv 


B  — SINGLE  "V"  GROOVE  WELD  F— SINGLE  **U"  GROOVE  WELD 


REINFORCEMENT  OF  WELD 


REINFORCEMENT  OF  WELD 


C  — DOUBLE  "V"  GROOVE  WELD 


REINFORCEMENT  OF  WELD 


G  — DOUBLE    "U"  GROOVE  WELD 

REINFORCEMENT   OF  WELD> 


D  — SINGLE  BEVEL  GROOVE  WELD  H— SINGLE  "J"  GROOVE  WELD 


REINFORCEMENT  OF  WflD^ 


53.877 


J—  DOUBLE  "J"   GROOVE  WELD 


Figure  3-24.  Butt  joints  in  the  flat  position. 
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VERTICAL   PULLED  OFF  CENTER 


FLAT   WORK    PULLED  OUT  OF  LINE 


FLAT  WORK  DRAWN  INTO  CURVE 


53-379 


SPACING  CLOSING 


Figure  3  25.  Results  of  weld  metal  shrinkage. 


You  can  use  the  single  "U"  (shown  in  view  F  of  fig. 
3-24)  in  place  of  the  single  or  double  for  joining 
1/2  to  3/4-plates.  it  is  more  satisfactory  and  requires 
less  filler  metal  than  the  single  "V"  for  welding  heavy 
sections  or  welding  in  deep  grooves.  Make  the  weld 
from  one  side,  except  for  a  single  bead  that  you  make 
last  on  the  opposite  side  of  the  ''U/'  if  possible.  Use  the 
double  "U'  (shown  in  view  G  of  fig.  3-24)  for  joining 
heavy  plates,  usually  3/4  inch  and  thicker.  It  requires 
less  weld  metal  than  the  single  "U."  Weld  from  both 
sides. 

The  single  "J"  joint  (shown  in  view  H  of  fig.  3-24)  is 
used  to  weld  plates  1  inch  thick  or  heavier  from  one 
side.  The  double  type  (pictured  in  view  J  of  Hs. 
3-24)  is  used  to  wek  '  er\  heavy  p  -  esfr^  i^c^h<  .cs. 
Care  is  nerc^cv      tr.  o.  ^^n  i    >i  oi 

■'ic  \v(^]d  ^  .  nioi  runioud  by  root  openings. 
^'^^^  required  in  making  the  single  ''J" 

than  u.  ^.111^^.  -^V,^^  and  the  same  is  true  of  double ''J'' 
and  joints. 


Bull  joini  neld  requiremenis.  The  welds  shown  in 
figures  3-26  and  3-27  illustrate  the  requirements  for 
butt  joints  on  steel  plates  with  a  thickness  of  3/ 16  inch 
and  over.  The  width  of  the  fusion  zone  for  thick  plates 
is  governed  by  the  way  in  which  you  prepare  the  joint. 
When  you  bevel  the  edges,  the  weld  should  be 
approximately  1/8  inch  wider  than  the  included  angle 
of  the  bevel.  The  depth  of  fusion  in  the  beveled  edges  of 
the  joint  should  be  at  least  I/I6  inch.  A  height  of 
reinforcement  of  1  /  8  inch  is  usually  sufficient  for  heavy 
plate.  The  penetration  for  butt  welds  niv^t  hr  10(^ 
percent,  regardless  of  the  thickness  of  »  ' 
double-edged  penetration,  you  obtain  .ni  of 

t  •  ^tration  iu>m  each  side  to  produce  the  .  red  full 
^>a.Mj  metal  penetration. 


25%  OF 

Tn»  


-H     2  TO  ^3,  \^ 


%  OF  "T" 


5O%T0  60%  ^3^^^ 

Figure  3  26.  Butt  joint  specifications  (steel  sheet). 


Figure  3  27.  Butt  joint  specifications  (plate). 
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Figure  3  28.  Welding  jig. 


Butt  joint  welding  procedure.  The  welding 
procedure  should  be  so  devised  that  contraction 
stresses  will  be  held  to  a  minimum  while  the  desired 
shape  and  strength  of  the  welded  part  are  retained. 
Here  are  some  methods  for  controlling  contraction.  In 
the  welding  of  long  seams,  the  contraction  of  the  metal 
deposited  at  the  joint  will  cause  the  edges  to  pull 
together  and  possibly  overlap.  You  can  adjust  for  this 
contraction  by  using  a  wedge  to  hold  the  edgc^  apart. 
Move  the  wedge  forward  as  you  weld.  Spacing  by 
means  of  the  wedge  depends  upon  the  type  of  metal 
and  its  thickness.  Metal  under  1/16  inch  thick  may  be 
welded  by  flanging  the  edges.  When  you  use  flanging, 
tack  the  metal  at  intervals  along  the  seam  before 
welding. 

You  can  also  use  jigs  to  hold  metal  parts  in  position 
for  welding.  You  can  align  most  points  and  hold  them 
in  place  with  pieces  of  angle  iron  and  C-clamps,  or  you 
may  have  to  use  special  jigs  and  clamps  for  some  jobs, 
as  shown  in  figure  3-28. 

A  I 


53.882 


Figure  .V  29.  Weave  on  heavy  plate. 
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When  the  edges  of  the  joint  are  beveled,  the  spacing 
should  be  exactly  the  same  as  the  thickness  of  the 
shoulder  at  the  bottom  of  the  joint  edge.  Tack-weld  the 
parts  in  place  at  short  intervals  along  the  seam  and 
remove  thhe  slag  deposited  while  tack-welding  to 
prevent  including  it  in  the  weld.  To  make  the  root  bead, 
use  an  electrode  small  enough  in  diameter  to  obtain 
good  penetration  and  fusion  at  the  base  of  the  joint.  A 
1/8-or  5/  32-inch  electrode  is  suitable  for  this  purpose. 

To  obtain  penetration  at  the  beginning  of  the  weld, 
hold  a  long  arc  momentarily.  Tilt  the  top  of  th^ 
electrode  slightly  in  the  direaion  of  travel,  the  exaci 
amount  depending  upon  the  type  of  electrode  and  the 
current  setting.  You  must  then  clean  the  root  bead 
thoroughly  by  chipping  and  wire  brushing  before  you 
deposit  additional  layers  of  weld  metal.  Use  a5/32-or 
3/  16-inch  electrode  to  make  these  additional  layers  of 
filler  metal  in  the  joint. 

Weaving  makes  it  possible  to  deposit  more  metal  in  a 
single  pass  when  you  are  welding  in  a  "V"  on  thick 
plates.  Figure  3-29  shows  the  electrode  weaving 
motion  that  will  give  the  best  results.  The  movement  of 
the  electrode  is  semicircular  across  the  line  of  weld,  and 
a  slight  pause  in  movement  of  the  electrode  at  the  toes 
of  the  weld  will  aid  in  preventing  undercutting.  The 
number  of  layers  of  weld  metal  will  depend  upon  i' 
thickness  of  the  metal  you  are  welding.  Use  a  sufficient 
number  to  build  up  the  weld  with  a  series  of  small 
stringer  or  weave  beads,  keeping  the  heat  input  and  the 
formation  of  hard  zones  in  the  base  metal  at  a 
minimur  '^ach  bead  or  layer  of  weld  metal  will  refine 
the  graiii  ..i  the  weld  immediately  beneath  it  and  will 
anneal  or  soften  the  hardness  produced  in  the  base 
metal  by  the  previous  bead. 

To  weld  thick  sections  beveled  from  both  sides, 
deposit  the  weave  beads  alternately  on  one  side  and 
then  on  the  other  to  reduce  the  distortion  which  might 


Figure  3  -30.  Positions  of  horizontal  welds. 


occur  in  the  welded  structure.  Thoroughly  clean  each 
bead  or  layer  of  weld  metal,  and  remove  all  scale  oxides 
and  slag  before  you  deposit  any  additional  metal. 
Control  the  motion  of  the  electrode  to  make  each  bead 
uniform  in  thickness  and  to  prevent  undercutting  or 
overlap  at  the  edges  of  the  weld. 

Exercises  (AlO): 

1.  Define  a  butt  joint. 


2.  How  can  edges  be  prepared  tor  butt  joints  on  heavy 
plates? 


following  statements  about  buit  joints  and  butt 
joint  welding: 

a.  If  the  expansion  of  the  part  being  welded  is 

restramed  .  or  warping 

may  occur  as  a  result  of  the  expansion  stresses 
developed. 

b.  In  welding  thick  material,  welds  cannot  be 

made  by  a  bead,  so  a  method  of 

depositing    weld    metal  called  

 welding  must  be  used. 

c.  When  the  joint  edges  are  beveled,  the  spacing 

should  be  exactly  the  same  as  the  

of  the  at  the  bottom  of  the  joint 

edge. 

d.  The  number  of  layers  of  weld  metc.l  will 

depend  upon  the  of  the  metal  you 

are  welding. 

3-4.  Horizontal  Position  Welding 

When  you  cannot  position  the  material  for  tlat 
position  welding,  use  the  process  known  as  Position 
welding.  This  is  welding  in  the  position  normally 
assumed  by  the  joint.  When  you  are  making  a  weld  in 
v/hich  the  metal  parts  incline  more  than  45°  from  the 
horizontal  and  the  line  of  weld  runs  horizontally,  as 
shown  in  figure  3-30,  the  weld  is  a  horizontal  weld.  The 
arrows  in  the  figure  indicate  electrod  b. 


3.  What  edge  preparation  is  necessar\^  for  butt  joints 
on  5/32-inch-thick  plate? 


4.  When  welding  butt  joints,  what  is  the  minimum 
penetration? 


All.  State  the  procedures  for  completing  a  tee  joint 
in  the  horizontai  position. 

Tee  Joints.  To  make  tee  joints  in  the  horizontal 
position,  position  the  two  plates  at  approximately 
right  angles  to  form  an  inverted  ** T."  The  edge  of  the 
vertical  plate  may  be  tack-welded  to  the  surface  of  the 
horizontal  plate,  as  shown  in  figure  3-31.  The 
horizontal  tee  joint  is  designed  and  prepared  the  same 


5.  List  three  devices  that  may  be  used  to  control 
contraction  and  keep  butt  joint  edges  aligned. 


6.  A    height    of    reinforcement  of 


is  usually  sufficient  when  butt  welding 


thick  plate. 


7.  What  is  the  angle  of  bevel  used  for  (a)  a  single  bevel 
joint?  (b)  A  single  "V"  joint? 


8.  Provide  the  missing  words  to  complete  each  of  the 


Figure  3  31.  Tec  joint  lack  vsckls. 
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V;    INCH   LEG  SIZE 


Figure  3  32.  Hlectrode  nositii>n  for  toe  joini  (hon/onial). 


way  as  the  flat  tee  joint,  which  we  dismissed  earlier  in 
this  chapter.  Use  a  fillet  weld  to  make  the  tee  joint  and  a 
short  arc  to  provide  good  fusion  at  the  root  and  along 
the  legs  of  the  weld.  Hold  the  electrode  at  an  angle  of 
45°  to  the  plate  surfaces  and  incline  it  approximately 
15°  in  the  direction  of  the  welding,  as  shown  in  figure 
3-32. 

Light  plates.  1/  4  inch  or  less,  can  be  welded  with  a 
fillet  weld  with  one  pass,  with  little  or  no  weaving  of  the 
electrode.  Welding  of  heavier  plates  ma;,  -cquire  two 
or  more  passes,  in  which  each  pass  after  the  first  is 
made  in  a  semicircular  weaving  motion,  as  shown  in 
figure  3-33  .  A  slight  pause  at  the  end  of  each  weave  w  ill 
insure  good  fusion  between  the  weld  and  the  base  metal 
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l'ii:uic  3  34.  l-illct  welds  on  hea\\'  plate. 


without  any  undercutting.  A  fillet-welded  tee  joint  on 
1  2-inch  piate  or  heavier  can  be  made  by  depositing 
stringer  beads  in  the  sequence  shown  in  figure  3-34,  in 
which  a  1/2-fillet  is  illustrated. 

Use  chain  intermittent  or  staggered  interniittent 
fillet  welding  (shown  in  fig.  3-35)  for  long  tee  joints. 
Use  fillet  welds  of  these  types  when  high  weld  strength 
is  not  required;  however,  arrange  the  short  welds  so 
that  the  finished  joint  is  equal  in  strength  to  a  fillet  weld 
along  the  entire  length  of  a  joint  from  one  side  only. 
1  he  warpage  and  distortion  of  the  welded  parts  are 
held  to  a  minimum  with  intermittent  welds. 

Exercises  (All): 

1.  .At  what  angle  is  the  electrode  held  when  welding 
horizontal  tee  joints? 


f 


•mm. 


i 


CHAIN  INTERMITTENT 


f 


t 


STAGGERED  INTERMITTENT 


1ST  PASS 
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Figure  3  33.  Multipass  iillct  weld  \sca\c  nioiion. 
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l  iuurc  3  35.  Inicrmittont  fillet  \seids. 
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Figure  3-36.  Electrode  position  for  lap  joints. 


2.  How  can  the  warpage  be  held  to  a  minimum  when 


•  wut»  nAv.  waipaj^^  i^t  IICIU  lU 

horizontally  welding  a  tee  joint? 


3.  How  many  stringer  beads  should  be  used  to  weld  a 
l/2-inch-.thick  t»!e  joint  in  the  horizontal  position? 


4.  How  is  a  horizontal  tee  joint  formed? 


A12.  Furnish  operational  features  significant  in 
making  lap  joints. 

Lap  Joints.  To  make  lap  joints,  tack-weld  two 
overlapping  plates  in  place  and  deposit  a  fillet  weld  in 
the  horizontal  position  along  the  joint.  The  procedure 
for  making  this  fillet  weld  is  similar  to  that  for  making 
a  fillet  weld  in  tee  joints.  Hold  the  electrode  to  form  an 
angle  approximately  30=^  from  the  vertical  and  tilt  it 
15°  in  the  direction  of  welding.  The  position  of  the 
electrode  in  relation  to  the  plates  is  shown  in  figure 
3-36.  The  weaving  motion  U  the  same  as  that  for  tee 
joints,  except  that  the  pause  at  the  edge  of  the  top  plate 
is  long  enough  to  insure  good  fusion  and  no 
undercutting.  You  can  make  satisfactory  lap  joints  on 
1/2-inch  plate  or  heavier  by  depositing  a  sequence  of 
string  beads,  as  shown  in  figure  3-36.  To  make  lap 
joints  on  plates  of  different  thicknesses,  hold  the 
electrode  at  an  angle  between  20°  and  30°  from  the 
vertical.  Do  not  overheat  or  undercut  the  thinner  plate 
edge.  The  arc  must  be  controlled  to  wash  the  molten 
metal  to  the  edge  of  this  plate. 


Exeicises  (A12): 

1.  To   make   lap  joints,  tack-weld 


position  along  the  joint. 


?    ^Vhy  is  a  weaving  motion  used  when  welding 
horizontal  lap  joints? 


3.  Why  does  the  electrode  angle  favor  the  upper  edge 
when  welding  lap  joints? 


3-5.  Vertical  Position  Weiding 

In  many  areas  you  will  be  required  to  weld  up  or 
down.  Among  other  things,  we  will  include  the  type  of 
electrode,  polarity,  arc  length,  and  weave  involved. 
The  things  you  can  do  to  use  gravity  and  speed  to  aid  in 
obtaining  a  good  weld. 

A13.  Explain  functions  and  operations  involved  in 
vertical  position  welding. 

Welding  on  a  vertical  surface  is  more  difficult  than 
welding  in  the  flat  position,  because  the  force  of  gravity 
tends  to  cause  metal  to  flow  downward.  For  this 
reason,  the  current  settings  should  be  lower  than  those 
used  for  the  same  electrode  in  the  flat  position,  and  the 
currents  used  for  welding  upward  on  vertical  plates 
should  be  slightly  higher  than  those  used  for  welding 
downward  on  the  same  plate.  The  proper  angle 
between  the  electrode  and  the  base  metal  is  also 
necessary  m  order  to  deposit  a  good  bead  weld  in 
vertical  welding. 

Electrodes.  The  electrode  used  for  vertical  welding  is 
a  heavy-coated,  reverse-polarity  electrode  which  has 
slightly  lighter  coatings  than  the  type  used  only  for  flat 
position  welding.  Electrodes  of  this  type  allow  the  weld 
metal  and  slag  to  solidify  quickly.  Since  the  greater 
amount  of  heat  is  at  the  positive  side  of  the  welding 
circuit  (the  tip  of  an  electrode),  you  can  obtain  pene- 
tration more  easily  with  reverse  polarity.  This  serves  as 
an  aid  in  a  position  in  which  penetration  is  otherwise 
difficult  to  obtain. 

When  you  use  coated  electrodes  in  the  vertical 
position,  it  is  necessary  to  use  smaller  electrodes  at 
lower  current  settings,  as  compared  with  those  for  flat 
position  welding.  Use  of  smaller  electrodes  is  an  aid  in 
maintaining  a  small  pool  of  molten  metal,  permitting 
suifice  tension  to  overcome  the  force  of  gravity.  The 
current  settings  recommended  by  the  electrode 
manufacturer  are  your  guides  when  you  are  making 
initial  settings  for  a  given  electrode  size. 

Bead  Welds.  To  weld  upward,  vertical  up,  hold  the 
electrode  90°  to  the  vertical,  as  shown  in  A,  figure 
3-37.  To  weld  downward,  vertical  down,  incline  the 
outer  end  of  the  electrode  downward  about  15°  from 
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♦  D 


WEAVE  BEAD 
1/2  WIDE 


DIRECTION 
OF  WELDING 


SLIGHT 
SEMICIRCULAR 
WEAVE 


hi/2 


VERTICAL  BEAD  WELD, 
WELDING  DOWN 


VERTICAL  WEAVE  BEAD  WELD, 
WELDING  DOWN 


Figure  3-37.  Bead  welding  in  the  vertical  position. 


the  horizontal,  with  the  arc  pointing  upward  to  the 
deposited  molten  metal,  as  shown  in  C,  figure  3-37.  To 
weld  downward  in  the  vertical  position  when  a  weave 
bead  is  required,  oscillate  the  electrode,  as  shown  in  D, 
figure  3-37. 

Exercises  f  A13): 

1.  Concerning  the  force  which  must  be  overcome 
when  welding  vertically,  name  it  and  tell  how  to 
overcome  it. 


2.  What  polarity  is  best  to  use  for  vertical  welding? 


3.  When  a  whipping  motion  is  used,  what  type  of 
vertical  weld  is  made? 


4.  If  you  hold  the  electrode  at  a  75°  angle  to  your 
work,  you  are  welding  . 
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5. Compare  the  current  settings  for  vertical  welding 
with  those  used  for  welding  in  the  flat  position. 


A14.  Cite  the  techniques  to  use  when  welding  joints  in 
the  vertical  position. 

Butt  .loinls.  Butt  joints  on  plates  in  the  vertical 
position  are  prepared  for  welding  in  the  same  way  that 
butt  joints  in  the  flat  position  are.  In  order  to  obtain 
good  fnsion  and  penetration  with  no  undercutting, 
hold  a  short  arc  and  carefully  control  its  motion.  Make 
butt  joints  on  beveled  plates  1/4  inch  in  thickness  by 
using  a  triangular  weave  motion,  as  shown  in  A,  figure 
3  -38.  Make  welds  on  1/2-inch  plate  or  heavier  in 
several  passes,  as  shown  in  B,  figure  3-  38.  Deposit  the 


last  pass  with  u  semicircular  weaving  motion  with  a 
slight  ''whip  up"  and  pause  of  the  electrode  at  the  edge 
of  the  bead.  V  n  you  u.se  a  backup  strip,  make  the 
welds  in  the  sat.  manner. 

Fillet  Welds.  To  make  fillet  welds  on  either  tee  or  lap 
joints  in  the  vertical  position,  hold  the  electrode  90o  to 
the  plates  and  not  more  than  15°  above  th^t  horizontal 
for  proper  molten  metal  control.  Hold  a  short  arc  lo 
obtain  good  fusion  and  penetration. 

Tee  Joints.  To  weld  tec  joints  in  the  vertical  position, 
start  at  the  bottom  of  the  joint  and  weld  upward.  Move 
the  electrode  in  a  trianglular  weaving  mot  ion,  as  shown 
in  A,  figure  3-39.  A  slight  pause  in  the  weave,  at  the 
points  indicated,  will  improve  the  sidewall  penetration 
and  provide  good  fusion  at  the  root  of  the  joint.  If  the 
weld  metal  should  overheat,  shift  the  electrode  away 
from,  the  crater  quickly  without  breakmg  the  arc,  as 
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Figure  3  38.  Vertical  position  butt  joint  welding. 
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shown  in  B,  figure  3  39.  This  will  permit  the  molten 
metal  to  solidify  without  running  down.  Return  the 
electrode  immediately  to  the  crater  of  the  weld  in  order 
to  maintain  the  desired  size  of  the  weld.  When  more 
than  one  pass  is  necessary  to  make  a  tec  weld,  use  the 
weaving  motions  shown  at  C  and  D,  figure  3  39.  A 
slight  pause  at  the  end  of  the  weave  will  develop  good 
fusion  without  undercutting  at  the  edges  of  the  plates. 
To  avoid  trapping  slag,  thoroughly  clean  each  layer  of 
weld  bv  first  removing  the  slag  coating  with  a  chipping 
hammer  and  follow  by  wire  brushing. 

Lap  joints.  To  weld  lap  joints  in  the  vertical  position, 
move  the  electrode  in  a  triangular  weave  motion,  as 
shown  in  E,  figure  3-39.  Use  'he  same  procedure,  as 
outlined  above  for  the  tee  joint,  but  direct  the  electrode 
more  toward  the  vertical  plate  marked  "G.''  Hold  a 
short  arc,  and  pause  slightly  longer  at  the  surface  of 
plate  G.  Be  careful  not  to  undercut  either  of  the  plates 
or  to  allow  the  molten  metal  to  overlap  at  the  edges  of 
the  weave.  Lap  joints  in  the  vertical  position  on  heavy 
plates  require  more  than  one  layer  of  metal. 
Thoroughly  clean  each  layer  of  weld  and  deposit 
succeeding  layers,  as  shown  in  F,  figure  3-39.  The 
precautions  outlined  above  to  insure  good  fusion  and 
uniform  weld  metal  deposit  in  tee  joints  apply  also  to 
lap  joints  in  the  vertical  position. 

Exercises  (A  14): 

1.  What  should  you  do  to  obtain  good  fusion  in 
vertical  welding? 


2.  What  do  you  do  with  the  electrode  if  the  molten 
pool  gets  too  hot? 


3.  The  recommended  method  of  vertically  welding 
butt  joints  is  


4.  State  the  angle  of  the  electrode  to  the  plate  in  all 
vertical  up  welded  joints. 


3-6.  Overhead  Position  Welding 

The  overhead  position  is  the  most  difficult  in 
welding,  and  an  extremely  short  arc  must  be  constantly 
maintained  in  order  to  retain  complete  control  of  the 
molten  metal.  As  is  true  in  vertical  position  welding, 
the  force  of  gravity  tends  to  cause  the  molten  metal  to 
drop  down  or  sag  on  the  plate.  Holding  too  Ionian  arc 
increases  the  difficulty  in  transferring  metal  from  the 
electrodo  to  the  base  metal,  and  large  globules  of 
molten  uietal  will  drop  from  the  electrode  and  base 


metal.  This  action  can  be  prevented  by  shortening  and 
lengthening  the  arc  at  intervals:  however,  be  careful 
not  to  carrv  too  U;rge  a  pool  of  molten  metal  in  the 
weld. 

You  should  use  only  those  electrodes  designed  for 
overhead  welding.  Welding  with  large  diameter 
electrodes  is  difficult.  The  3/ 16-inch-diameter 
electrode  is  the  practical  maximum  size  for  welding 
oNcrhead.  Adjust  the  amount  of  current  carefully  to 
hold  a  short  arc  length.  Usually,  only  a  slight 
movement  of  the  electrode  is  necei.sary  for  deposition 
If  other  factors,  such  as  current  adjustment  and 
electrode  angle,  are  correct. 

AIS.  Identify  functional  features  in  overhead  position 
welding. 

Bead  Welds,  For  bead  welding,  hold  the  electrode 
90""  to  the  base  metal,  as  illustrated  in  figure  3-40,  or 
tilt  it  approximately  15°  in  the  direction  of  welding  to 
provide  a  better  view  of  the  arc  and  crater  of  the  weld. 
Weave  bead  can  be  made  in  the  overhead  position  by 
using  the  motion  illustrated  in  figure  3-41  and 
maximum  electrode  diameter  of  3/  16  inch.  A  rather 
rapid  motion  is  necessary  at  the  end  of  each 
semicircular  weave  to  control  the  molten  metal 
deposit.  Avoid  excessive  weaving,  because  this  will 
cause  overheating  of  the  weld  deposit  and  the 
formation  of  a  large  pool  which  will  be  hard  to  control. 

Butt  Joints.  Prepare  the  plates  for  butt  welding  in 
the  overhead  position  in  the  same  manner  as  that 
required  in  the  flat  position.  The  most  satisfactory 
results  are  obtained  by  using  backup  strips.  If  the 
plates  arc  beveled  with  a  feathcredge  and  you  do  not 
use  a  backup  strip,  the  weld  will  tend  to  burn  through 
repeatedly  unless  you  are  very  careful.  For  overhead 
butt  welding,  bead  rather  than  weave  welds  are 
preferred.  Clean  each  layer  of  beads  and  chip  the  rough 
areas  out  before  depositing  the  following  layer.  The 
positions  of  the  electrode  and  the  order  to  be  followed 
in  depositing  beads  on  1/4-  and  1/2-inch  plates  are 
shown  at  B  and  C,  figure  3-42.  Make  the  first  nass  with 
the  electrode  held  90°  to  the  plate,  as  shown  at  A, 
figure  3-42.  The  electrode  should  not  be  too  large, 
because  if  it  is,  this  fact  will  prevent  holding  a  short  arc 
and  developing  good  penetration  at  the  root  of  the 
joint.  Excessive  current  will  create  a  very  fluid  puddle 
which  will  be  difficult  to  control. 

Fillet  Welds.  To  make  fillet  welds  in  either  tee  or  lap 
joints  in  the  overhead  position,  hold  a  short  arc  with  no 
weaving  of  the  electrode.  Hold  the  electrode 
approximately  30°  to  the  vertical  plate  and  move  it 
uniformly  in  the  direction  of  welding,  as  shown  in  at  B, 
figure  3-43.  Control  the  arc  motion  to  secure  good 
penetration  to  the  root  of  the  weld  and  good  fusion  with 
the  sidewalls  of  the  vertical  and  horizontal  plates.  If  the 
molten  metal  becomes  too  fluid  and  tends  to  sag,  whip 
the  electrode  quickly  away  from  the  crater  and  ahead  of 
the  weld  to  lengthen  the  arc  and  allow  the  metal  to 
solidify.  Return  the  electrode  immediately  to  the  crater 
and  continue  the  welding. 
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Figure  3  -39.  Fillet  welds  in  the  vertical  position. 
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Fillet  welds  for  either  tee  or  lap  joints  on  heavy  plate 
in  the  overhead  position  reqi  ire  several  passes  or  beads 
to  make  the  joint.  The  order  in  which  these  beads  are 
deposited  is  shown  at  A,  figure  3-43.  The  first  pass  is  a 
string  bead  with  no  weaving  motion  of  the  electrode. 
Make  the  second,  third,  and  fourth  passes  with  a  slight 
circular  motion  of  the  electrode  with  the  tip  tilted 
about  15''  in  the  direction  of  welding,  as  shown  at  C, 
figure  3-43,  This  motion  of  the  electrode  permits 
greater  control  and  better  distribution  of  the  weld 
metal  being  deposited.  Remove  all  slag  and  oxides 
from  the  surface  of  each  pass  by  chipping  or 
wire-brushing  before  applying  additional  beads  in  the 
joint. 

Exercises  (ACS): 

1.  When  welding  overhead  tee  joints,  is  the  second 
pass  placed  on  the  vertical  or  the  horizontal  plate? 


2.  A  eiirrent  setting  that  is  too  high  makes  the  weld 


3.  How  is  a  welded  joint  prepared  for  multipasses? 


4.  How  are  tee  and  lap  joints  prepared  for  overhead 
welding? 


5.  What  is  the  practical  maximum  size  of  the  electrode 
desired  for  overhead  bead  welding? 
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CHAPTER  4 


MetalSic  Arc  Application 


THE  METALLIC  ARC  is  not  used  on  carbon  steel 
alone,  nor  is  it  used  jusl  for  welding.  The  metallic  arc  is 
almost  as  versatile  as  the  oxyacetylcnc  flame  and  can 
be  used  for  welding  heat-and  corrosion-resistant 
ferrous  alloys  and  gray  iron  castings,  and  in  applying 
hard-facing  alloys.  The  metallic  arc  can  also  be  used 
for  cutting.  In  this  chapter,  we  discuss  these  four  areas. 

4-^1.  Welding    Heat    and  Corrosion-Resistant 
Ferrous  Alloys 

In  this  section  on  welding  heat-and 
corrosion-resistant  ferrous  alloys,  we  will  concern 
ourselves  with  the  most  common  alloy  of  this  group — 
stainless  steel. 

Stainless  steels  have  come  into  their  present  wide  use 
mainly  because  they  are  resistant  to  corrosion  and 
oxidation.  Corrosion  resistance  results  from  a 
chromium  content  in  excess  of  10  percent.  Other 
elements  added  to  impart  certain  desirable  properties 
are  nickel,  manganese,  columbium,  titanium, 
molybdenum,  silicon,  and  carbon. 

We  already  know  from  volume  6  in  this  CDC  that 
stainless  steel  can  be  gas-welded.  However,  this  is  a 
slow  process  and  the  warpage  and  distortion  factors 
are  very  high.  The  metallic  arc  may  be  used  with  the 
electrode  of  the  proper  composition  to  greatly  reduce 
both  of  these  factors. 

A16.  Identify  operational  factors  applicable  to  the  use 
of  stainless  steel  in  welding  heat-  and  corrosion- 
resistant  ferrous  alloys. 

Stainless  Steel.  From  the  standpoint  of  welding,  you 
can  divide  practically  all  stainless  steels  into  two 
general  classes:  those  containing  only  chromium 
(regardless  of  the  amount)  and  those  of  the  austentite 
type,  which  contain  both  chromium  and  nickel.  When 
you  heat  metals  in  the  first  class  to  melting 
temperatures,  they  undergo  rapid  grain  gi  owth  and  do 
not  respond  to  grain  refinement  through  heat 
treatment.  Such  alloys,  when  welded,  possess  very  little 
ductility.  Welding  of  a  part  is  not  practical  when  the 
part  is  to  undergo  movement  or  shock  at  room 
temperatures.  Metals  of  the  second  class,  the 
chromium-nickel  group,  are  highly  desirable  for 
welding.  These  metals  are  extremely  tough  and  ductile 
in  the  welded  condition. 

The  techniques  and  procedures  employed  in  welding 
stainless  steel  are  very  different  from  those  for  welding 
carbon  steel.  For  stainless  steel  not  only  must  you 


maintain  the  strength  of  the  parent  metal  across  the 
weld  area  but  also,  in  practically  all  cases,  you  must 
retain  the  corrosion  resistance  as  well.  A  weld  must 
frequently  be  made  on  very  thin  gage  metal.  Often,  too, 
you  must  protect  the  appearance  of  a  polished  stainless 
steel  surface.  Preserving  these  qualities  depends  not 
only  on  your  skill  as  a  welder  but  also  on  your 
knowledge  of  stainless  steel.  You  she^uld  know  how 
each  stainless  steel  responds  to  heat  and  thereby 
anticipate  this  effect,  so  that  you  can  avoid  or  control 
the  damaging  effects  of  welding. 

Metal  arc  welding  stainless  steel.  You  may  use  fusion 
welding  with  the  metallic  arc  for  the  fabrication  of 
stainless  steels.  For  best  results  in  welding,  do  not  hold 
stainless  steels  at  melting  temperatures  for  too  long  a 
period.  This  would  cause  the  loss  of  corrosion 
resistance,  induce  excessive  strains,  and  promote 
undesirable  grain  growth.  Metallic  arc  welding, 
however,  helps  you  to  avoid  these  harmful  effects, 
because  heat  application  is  instantaneous.  When 
making  the  weld,  the  metal  deposited  and  the  joint 
edges  are  heated  to  the  melting  temperature.  The  body 
of  the  work,  however,  remains  comparatively  cold. 
Hence,  there  will  be  a  zone  parallel  to  and  near  the  weld 
which  will  heat  to  between  1000°  and  1 500°  F.,  causing 
carbide  precipitation  (nonstabilized  stainless  steel). 
Since  arc  welding  is  rapid,  this  zone  will  be  narrow  and 
close  to  the  weld.  Good  heat  control  is  possible, 
because  the  composition  of  the  weld  deposit  is  the 
result  of  the  interfusion  of  two  known  compositions; 
the  metal  you  are  joining  and  the  meVal  in  the  electrode. 
When  the  metal  thickness  permits,  metallic  arc  welding 
of  stainless  steel  is  practical  for  the  following  reasons: 

a.  The  intense  heat  of  the  arc  permits  faster  welding 
speeds  with  a  minimum  heat  input  and  warping  of  the 
part. 

b.  The  coating  of  the  electrode  provides  a  fluxing 
action,  a  protective  gas  shield,  and  a  slag  covering 
during  the  depositing  of  the  electrode  and  the  cooling 
of  the  weld  metal. 

c.  \arious  electrode  combinations  are  available, 
making  it  possible  to  compensate  for  the  loss  of  certain 
elements,  such  as  chromium  and  columbium,  during 
the  welding  process. 

Selection  of  electrode,  polarity,  and  current  setting. 
The  composition  of  electrodes  for  welding  stainless 
steel  affects  corrosion  resistance  and  tensile  strength. 
Many  jet  engine  repairs  require  that  the  weld  deposit 
meet  exacting  requirements.  Manufacturers  of 
electrodes  must  consider  commercial  and  military 
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standards  that  the  steel  industry  and  the  using  agencies 
set  up.  The  specifications  for  welding  electrodes  for 
heat  and  corrosion-resistant  steels  are  in  military 
specification  number  MlL-E-6844. 

Manufacturers  of  electrodes  know  that  certain 
elements  disappear  as  they  pass  through  the  arc.  Such 
losses  increase  the  known  volatile  elements  necessary 
to  produce  welds  whose  composition  will  be  similar  to 
that  of  the  base  metal.  Approximately  30  percent  of  the 
columbiura  in  an  electrode  will  disappear  while  you  are 
welding.  When  you  are  welding  18-8  stainless  steel, 
you  may  often  use  an  electrode  containing  19  percent 
chromium  and  9  percent  nickel.  Titanium  cannot 
transfer  from  the  electrode  through  the  arc  and,  for  this 
reason,  you  cannot  use  titanium  bearing  rods  in  arc 
welding. 

You  can  use  direct  current  with  reverse  polarity  for 
metallic  arc  welding  on  stainless  steel.  The  hotter  end 
of  the  welding  circuit  is  the  tip  of  the  electrode.  This  has 
the  effect  of  causing  faster  melting  and  faster 
depositing  of  filler  metal  from  the  electrodes.  It  also 
results  in  less  heat  input  into  the  base  metal.  Straight 
polarity  is  sometimes  suitable  for  use  on  heavy  gages  of 
stainless  steel. 

Adjust  the  welding  current  to  provide  only  enough 
current  to  insure  good  fusion.  Use  lower  current 
settings  for  stainless  steels  than  for  ordinary  steels  of 
equal  thickness,  because  they  have  lower  heat 
conductivity  than  common  steels.  This  tends  to  keep 
the  heat  of  the  arc  localized  at  the  point  of  contact 
rather  than  allowing  it  to  travel  rapidly  back  into  the 
plate.  Stainless  steel  will  also  permit  penetration  better 
than  ordinary  steel,  because  it  is  very  fluid  when 
molten.  Ordinarily,  steels  tend  to  be  more  viscous  and 
sluggish  in  the  molten  state.  Besides  heat  conductivity, 
other  factors  like  metal  thickness,  mass,  type  of 
stainless  steel,  and  the  skill  of  the  welder  are  factors  to 
consider  in  determining  the  exact  current  settings  for  a 
welding  job.  Listed  below  are  average  current  settings 
for  commonly  used  electrodes: 


Electrode  Diameter 

3/32  inch 
1/8  inch 
5/32  inch 


Average  Current  Settings 

40-60  amperes 
75-100  amperes 
90-150  amperes 


Exercises  (A16): 

1.  What  are  three  ways  in  which  procedures  used  in 
welding  stainless  steel  differ  from  those  used  in 
welding  carbon  steel? 


2.  Which  is  the  preferred  stainless  steel  for  a  welded 
joint — austentite  or  chromium? 


3.  What  would  be  the  results  of  holding  a  long  arc  and 
causing  stainless  steel  to  remain  at  melting 
temperature  for  a  long  period? 


4.  What  military  specification  covers  specifications 
for  welding  electrodes  for  heat-and 
corrosion-resistant  steels? 


5.  What  current  is  used  for  light  gage  stainless  steel? 
For  heavy  gage? 


6.  Name  five  factors  to  consider  in  determining  the 
exact  current  settings  for  welding  stainless  steel. 


4-2.  Arc  Welding  Cast  iron 

Gray  cast  iron  has  low  ductility  and,  therefore,  will 
not  expand  to  any  considerable  extent  before  breaking 
or  cracking.  Because  of  this,  preheating  is  necessary 
when  cast  iron  is  welded  by  the  oxyacetylene  process. 
Use  of  the  metallic  arc  eliminates  this  costly  preheat  ing 
if  the  correct  techniques  and  procedures  are  followed. 

A17.  Cite  techniques  and  procedures  for  arc  welding 
butt  joints  of  cast  iron. 

Edge  Preparation.  The  edges  of  a  cast  joint  should 
be  chipped  out  or  ground  to  form  a  60°  included  angle 
bevel.  The  vee  should  extend  to  approximately  1/8 
inch  from  the  bottom  of  the  crack.  Always  maintain 
alignment  of  the  parts.  When  you  are  welding  a  crack, 
drill  a  small  hole  at  each  end  of  the  crack  to  prevent  it 
from  lengthening  when  the  welding  heat  is  applied. 
Remove  all  grease,  dirt,  and  other  foreign  substances 
by  washing  with  a  suitable  cleaning  agent. 

Welding  Techniques.  Cast  iron  can  be  satisfactorily 
welded  with  a  coated  steel  electrode.  When  you  use  a 
steel  electrode,  you  must  consider  the  contraction  of 
the  steel  weld  metal,  the  carbon  pickup  from  the  cast 
iron  by  the  weld  metal,  and  the  hardness  of  the  weld 
metal  caused  by  rapid  cooling.  Steel  shrinks  more  than 
cast  iron  when  it  is  cooled  from  a  molten  to  a  solid 
state;  and,  when  you  use  a  steel  electrode  the  uneven 
shrin^  -ge  will  cause  strains  to  the  joint  after  welding. 
When  you  apply  a  large  quantity  of  filler  metal  to  the 
joint,  the  cast  iron  may  crack  just  back  of  the  line  of 
fusion.  To  overcome  these  difficulties,  weld  the 
prepared  joint  by  depositing  the  weld  metal 
intermittently  in  short  stringer  beads,  3/4  to  1  inch 
long,  and  in  some  cases,  by  usingthe  back  step  and  skip 
procedure.  Using  this  procedure  confines  the  heat  of 
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Figure  4-1.  Reinforcing  cast  iron  welds. 


welding  to  a  small  area  and  eliminates  the  danger  of 
cracking  the  casting.  To  keep  hard  spots  from  forming, 
strike  the  arc  in  the  vee  and  not  on  the  surface  of  the 
base  rnetal.  Each  short  length  of  weld  metal  applied  to 
the  joint  should  be  lightly  peened  while  it  is  hot  with  a 
small  ball-peen  hammer  and  allowed  to  cool  before 
additional  weld  metal  is  applied.  The  peening  action 
forges  the  metal  and  relieves  the  cooling  strains.  Use 
electrodes  1/8  inch  in  diameter  to  prevent  excessive 
welding  heat,  weld  with  reverse  polarity,  and  hold  the 
weaving  of  the  electrode  to  a  minimum.  Thoroughly 
clean  each  weld  metal  deposit  before  applying  additional 
metal. 

Cast  iron  electrodes  are  used  when  machining  of  tho 
welded  joint  is  required.  Monel  and  stainless  steel 
electrodes  area  also  used  when  machining  of  the  weld  is 
required.  The  procedure  for  welding  with  these 
electrodes  is  the  same  as  that  outlined  for  welding  with 
mild  steel  electrodes.  Stainless  steel  electrodes  provide 
excellent  fusion  between  the  filler  and  base  metals;  but 
great  care  must  be  taken  to  avoid  cracking  in  the  weld, 
because  stainless  steel  expands  and  contracts 
approximately  50  percent  more  than  does  mild  steel  in 
equal  changes  of  temperature. 

Reinforcing.  Use  studs  of  steel  approximately  1/4  to 
3/8  inch  in  diameter  when  maximum  strength  is 
necessary  in  heavy  cast  iron  parts.  Figure  4-1 
illustrates  methods  of  using  studs  and  grooves  for 
reinforcing  cast  iron  joints.  Vee  out  the  cast  iron.  Drill 


and  tap  along  the  vee  to  permit  screwing  the  sluds  into 
the  casting.  Use  a  coarse-threaded  bottoming  tap.  The 
studs  should  project  about  3  / 16  to  1/4  inch  above  the 
cast  iron  surface.  The  studs  should  be  long  enough  to 
screw  into  the  casting  to  a  depth  of  at  least  the  diameter 
of  the  studs.  The  cross-sectional  area  of  the  studs 
should  be  25  to  35  percent  of  the  area  of  the  weld 
surface.  It  is  good  practice  to  first  weld  one  or  two 
beads  around  each  stud,  making  sure  that  you  obtain 
fusion  with  the  stud  and  cast  iron  base  metal.  Try  to 
avoid  straight  lines  of  weld  metal.  When  it  is  difficult  to 
apply  studs  to  a  joint,  you  can  machine  or  chip  out  the 
edges  of  the  casting  with  a  nose  tool  to  form  long, 
U-shaped  grooves  on  the  surface  and  face  of  each 
bevel.  These  grooves  serve  as  anchors  for  the  weld 
metal  deposits  in  the  joint.  The  grooves  help  increase 
joint  strength. 

Use  reverse  polarity  with  a  minimum  current  setting 
for  the  metallic  arc  welding  of  cast  iron.  A  list  of 
recommended  current  settings  for  cast  iron  electrodes 
follows: 


Electrode  Diameter 

3/32  inch 
1/8  inch 
5/32  inch 


A  verage  Current  Settings 

60-90  amperes 
80  -100  amperes 
1 10- 1 15  amperes 


Exercises  (A  17): 

1 .  Besides  beveling  the  edges  of  the  joint  when  welding 
cast  iron,  what  other  preparation  is  necessary? 


2.  How  is  the  formation  of  hard  spots  prevented  when 
arc  welding  cast  iron? 


3.  What  leaction  may  occur  when  large  amounts  of 
filler  metal  are  used  on  cast  iron? 


4.  Why  is  peening  used  when  arc  welding  cast  iron? 


5.  List  four  types  of  electrodes  available  for  arc 
welding  cast  iron. 


4-3.  Hard  Surfacing 

Hard  surfacing  or  hard  facing  is  the  process  of 
applying  extremely  hard  alloys  to  the  surface  of  a 
softer  metal  to  increase  its  resistance  to  wear,  abrasion, 
corrosion,  or  impact.  You  can  hard  surface  most  steels, 
but  you  cannot  always  satisfactorily  hard  surface 
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metals  such  as  brass  and  bron/c.  In  nu^st  cases,  you  can 
apply  hard-facing  alloys  to  the  point,  surface,  or  edye 
or  a  part  by  using  the  electric  arc  process.  1  he  wearing 
surfaces  of  scrapers,  grader  blades,  trencher  teeth, 
front-end  loader  parts,  and  other  parts,  when  treated 
with  these  special  alloys,  will  outwear  surfaces  oi 
common  steels. 

A 18,  Identify  procedures,  effects,  and  advantages 
involved  in  hard  surfacing  varioui^  metais. 

Metal  Preparation.  Belorc  hard  surfacing,  free  the 
surface  of  the  metal  of  all  scale,  rust,  dirt,  and  other 
foreign  substances  by  grinding,  machining,  or 
chipping.  When  you  cannot  use  these  methods, 
prepare  the  surface  by  filing,  wire  brushing,  or 
sandblasting.  The  latter  methods  are  not  the  uiost 
satisfactory,  since  small  particles  of  foreign  matter 
remaining  on  the  surface  must  float  out  during  hard 
surfacing.  Round  all  edges  of  grooves,  corners,  or 
recesses  to  prevent  overheating  the  base  metal. 

Preheating.  Take  the  same  precautions  for 
preheating  in  hard  surfacing  that  you  take  in  welding 
the  base  metal  You  should  anneal  steels  in  the 
heat-treated  condition,  if  possible,  before  applying  the 
hard-surfacing  layer.  Quenching  in  water  will  crack  the 
hard-surfacing  layer.  When  it  is  necessary  to  heat  metal 
to  the  critical  temperature  after  hard  surfacing,  use  oil 
as  the  quenching  medium.  When  it  is  impossible  or 
undesirable  to  anneal  high  carbon  steels  or  before  hard 
surfacing  hard  tensile  low  alloy  steels,  deposit  the  hard 
surfacing  by  the  transition  bead  method.  First,  deposit 
a  thin  layer  of  stainless  steel,  such  as  25  percent 
chromium  and  20  percent  nickel  rod,  or  18  percent 
chromium  and  8  percent  nickel  rod  (columbium 
stabilized):  Next,  build  up  the  .section  to 
approximately  the  original  dimension,  using  an  1  1  to 
14  percent  manganese  or  high-strength  rod.  Finally 
finish  by  hard  surfacing  with  one  of  the  group  2  alloys. 

Thickness  of  Hard-Surfacing  Deposits.  In  most 
cases,  worn  sections  are  rebuilt  with  hard-surfacing 
deposits  varying  in  thickness  from  1/16  inch  to  1/4 
inch,  depending  upon  the  specific  application.  When  it 
is  necessary  to  deposit  metal  more  than  1 14  inch  thick, 
rebuild  the  parts  with  group  1  alloy  to  from  1  / 16  inch 
to  1/4  inch  of  the  finished  size.  Add  the  final  deposit, 
consisting  of  group  2  or  group  3  alloys,  with  some 
excess  to  permit  grinding  to  the  desired  finished 
dimensions.  When  you  apply  harder  and  more  brittle 
group  4  or  group  5  hard-surfacing  materials,  either  as  a 
final  deposit  or  in  a  single  layer,  the  shape  of  the 
deposit  should  be  carefully  controlled.  This  is 
important  in  order  that  impact  or  shock  loads  may  be 
transmitted  through  the  hard-surfacing  metal  into  the 
tougher  base  metal.  Corners,  sharp  edges,  or  builtup 
sections,  when  not  backed  up  by  tough  base  metal,  w  ill 
chip  or  break  off  in  service. 

Hard  Surfacing  with  the  Metal  Arc.  Hard  surfacing 
by  arc  welding  is  done  in  the  same  manner  and  is 
similar  in  principle  to  joining  by  arc  welding,  except 


that  the  added  metal  has  a  composition  that  is  not  the 
same  as  that  of  the  base  metal.  The  characteristics  of 
the  added  metal  would  be  changed  or  impaired  if  it 
were  excessively  diluted  by  or  blended  with  the  base 
metal.  For  this  reason,  penetration  into  the  base  metal 
should  be  restricted  by  applying  the  hard-surfacing 
metal  with  the  minimum  welding  heat.  In  general,  the 
current,  voltage,  polarity,  and  other  conditions 
reccHiuuended  by  the  manufacturer  of  the  electrodes 
are  based  on  this  factor. 

You  can  apply  every  hard-surfacing  metal,  except 
si>mo  allcAs  in  groups  4  and  5,  with  every  type  of 
electrode  coating  or  with  a  bare  electrode  by  using 
reverse  polarity.  The  Hux  coating  on  coated  electrodes 
reduces  spatter  loss,  assures  good  penetration, 
prevents  oxidation  of  the  deposited  metal,  and  helps  to 
slabili/.e  the  arc.  lJ.se  the  bare,  hard-surfacing 
electrodes  when  it  is  necessary  to  apply  a  heavy  bead  or 
to  deposit  the  metal  against  a  copper  form.  For  best 
results,  use  a  long  arc  to  deposit  the  filler  metal. 

On  parts  subject  to  very  hard  wear,  the  entire  surface 
may  be  covered  with  a  layer  of  hard-surfacing  alloy. 
On  most  jobs  a  solid  cover  of  the  point  and  a  network 
of  beads  will  be  adequate. 

When  equipment  will  be  exposed  to  the  abrasive 
action  of  sand,  soil,  and  small  stones,  run  stringer 
beads  of  hard-surfacing  alloy  perpendicular  to  the 
How.  Run  a  series  of  beads  close  together  along  the 
point:  then  space  stringer  beads  a  small  distance  apart, 
as  seen  in  figure  4-2.  Dirt  packs  between  the  beads  and 
further  protects  the  base  metal. 

For  equipment  designed  to  handle  rocks,  run 
stringer  heads  parallel  with  the  flow  of  material,  as 
figure  4  3  shows.  This  pattern  will  support  the  rocks 
while  offering  the  least  resistance  to  the  flow.  The  use 
of  stringer  beads  is  more  economical  and  will  do  the 
job. 

When  a  series  of  self-cleaning  beads  is  desired,  the 
diamond  pattern  is  recommended.  In  figure  4  -4  you 
can  see  how  dirt  would  slide  up  and  over  to  one  side  or 
the  other,  thus  cleaning  itself. 

Exercises  (A18): 

1 .  When  preparing  metal  for  hard  surfacing,  which  are 
the  preferred  methods  of  cleaning  (choose  one  from 
each  pair)? 

a.  Chipping  or  sandblasting. 

b.  Filing  or  machining, 

c.  Grinding  or  .sandblasting. 


2.  Why  arc  the  edges  of  corners  rounded  picparatory 
tc^  hard  surfacing? 
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Figure  4-3.  Stringer  beads,  parallel  with  the  flow. 
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Figure  4  4.  Diamond  pallern. 


3.  When  hard  surfacing  steel  in  the  heat-treated 
condition,  what  must  be  done  first? 


4.  What  effect  will  water  quenching  have  upon  hard 
surfacing? 


5.  Normally,  hard-surfacing  deposits  will  vary  in 
thickness  from      to 


6.  Why  must  the  shape  of  the  hard-surfacing  deposit 
be  carefully  controlled? 


7.  What  advantages  are  achieved  by  using  a  coated 
electrode  for  hard  surfacing  with  the  metallic  arc? 


4-4.  Electric  Arc  Cutting 

Electric  arc  cutting  is  a  melting  process  in  which  the 
heat  of  the  electric  arc  is  used  to  melt  the  metal  along 
the  desired  line  of  the  cut.  The  quality  of  the  cut  is  not 
as  good  as  that  produced  by  the  oxyacetylene  process, 
but  it  is  satisfactory  when  a  smooth  cut  is  not  essential. 
Arc  cutting  is  generally  confined  to  the  cutting  of 
nonferrous  metals  and  cast  iron.  You  can  cut  most 
metals  by  using  one  of  the  several  processes  of  electric 
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Figure  4-5.  Groove  cutting  with  metallic  arc. 


arc  cutting:  metallic  arc,  carbon  arc,  or  oxy  arc.  The 
metallic  and  the  carbon  arc  processes  depend  upon 
gravity,  heat,  and  the  force  of  the  arc  to  remove  the 
molten  metal  from  the  kerf.  The  oxy  arc  uses  a  hollow 
steel  electrode  and  the  heat  of  the  arc  with  oxygen  to 
produce  a  cutting  action  comparable  to  off-hand, 
oxyacteylene  cutting. 

A19.  In  given  applications,  state  the  most  appropriate 
arc  cutting  operation,  and  state  how  electrodes  difTer 
for  the  various  kinds  of  electric  arc  cutting. 

Metallic  Arc  Cutting.  Metallic  arc  cutting  is  a 
progressive  operation  in  which  a  low-carbon-steel, 
covered  electrode  is  used,  as  shown  in  figure  4-5.  The 
covering  on  the  electrode  is  a  nonconducting 
refractory  material  which  permits  the  electrode  to  be 
inserted  into  the  gap  of  the  cut  without  being 
short-circuited.  This  insulating  coating  also  stabilizes 
and  intensifies  the  action  of  the  arc.  Direct  current, 
straight  polarity  is  preferred,  but  alternating  current 
can  be  used.  Standard  electrode  holders  are  used  for 
metallic  arc  cutting  in  air. 

Cutting  with  an  arc  leaves  something  to  be  desired, 
because  it  does  not  make  a  smooth  precision  cut. 
However,  it  is  quick  and  often  the  most  expedient  way 
to  cut  plates  and  angles  and  to  make  holes. 

The  intense  heat  generated  by  the  arc  is  more  than 
hot  enough  to  melt  most  metals.  The  force  of  the  arc  is 
used  to  propel  the  molten  metal  away.  While  cutting, 
use  a  long  arc  then  a  short  arc,  to  aid  in  melting  the 
metal.  Also,  the  movement  of  electrode  will  speed  the 
job  and  require  less  heat.  Figure  4-6  illustrates  cutting 
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Figure  4  (1.  Metallic  iirc  cutting. 


with  an  electrode.  Notice  how  the  arc  stream  and  gas 
jet  from  the  covering  of  the  electrode  blow  the  melted 
metal  away.  Just  as  a  reminder,  remember  the  law  of 
gravity— HOT  LIQUID  will  fall;  so  don't  be  under  it. 

Carbon  Arc  Cutting.  In  carbon  arc  cutting  a  carbon 
electrode  is  used  to  melt  the  metal  progressively  by 
maintaining  a  steady  arc  length  and  a  uniform  cutting 
speed.  Direct  current,  straight  polarity  is  used,  because 
it  develops  a  higher  heat  at  the  base  metal  (the  positive 
pole).  Direct  current  also  permits  a  higher  cutting  rate 
and  easier  control  of  the  arc  than  alternating  current. 
Air-cooled  carbon  electrode  holders  are  used  for 
currents  up  to  300  amperes.  Water-cooled  electrode 
holders  are  desirable  for  currents  in  excess  of  300 
amperes. 

Arc  air  is  another  type  of  carbon  electrode  cutting 
that  is  assisted  with  compressed  air.  A  jet  of  air  from  a 
nozzle  in  the  electrode  holder  blows  the  molten  metal 
out  from  the  arc  area,  as  seen  in  figure  ^-7.  This  type  of 
torch  will  groove,  bevel,  cut,  gouge,  or  pierce  metal  at  a 
rapid  rate.  One  great  advantage  of  arc  air  is  that  the 
joint  needs  no  grinding  or  chipping. 


Figure  4-7.  Arc  Air  cutting. 
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Oxy  Arc  Cutting.  Oxy  arc  cutting  is  a  progressive 
operation  in  which  a  tubular  electrode  is  used.  The 
steel  or  conducting-type  ceramic  electrode  maintains 
the  arc  and  also  serves  as  a  conduit  through  which 
oxygen  is  fed  into  the  cut.  In  this  process,  the  arc 
provides  the  heat,  and  the  oxygen  reacts  with  the  metal 
in  the  same  manner  as  occurs  in  oxyacetylene  cutting. 
Both  direct  ;iru'.  alternating  currents  may  be  used. 

Exercises  (A19): 

1 .  For  each  of  the  following  phrases  provide  the  most 
appropriate  electric  arc  cutting  operation. 


b.  Uses    water-cooled  holders: 


c.  Uses    water-cooled  holders: 


d.  Must  be  insulated  underwater: 


e.  Reaction    similar    to    oxyacetylene  cutting: 


f.   Flux  prevents  shoi  t-circuiting: 


g.  Uses      ceramic  electrodes: 


a.  Uses     a     hollow  electrode: 


2.  How  do  the  electrodes  differ  in  the  various  types  of 
electric  arc  cutting? 
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CHAPTER  5 


Gas-Shielded  Welding  Principles  and  Equipment 


METALS  NOT  previously  used  in  industry,  national 
defense,  or  atomic  energy  projects  because  of  welding 
purity  dilTiculties  are  now  being  welded.  Research  and 
testing  is  being  conducted  constantly  to  improve  the 
weldability  of  such  metals  as  aluminum,  magnesium, 
and  titanium.  Tungsten-inert  gas  (TIG)  and 
metal-inert  gas  (MIG)  have  been  the  most  successful 
and  widely  used  welding  processes  to  join  these  metals. 

In  this  chapter,  we  discuss  the  principles  of 
gas-shielded  welding,  the  advantages  that  are  gained 
by  its  use,  and  the  equipment  required  to  perform  it. 

5-1.  Principles  of  Gas-Shielded  Welding 

The  three  wi5.:ments  that  c:.n  contaminate  metals 
during  welding  are  oxygen,  nitrogen,  and  carbon. 
Contamination  of  the  weld  by  any  one  of  these 
elements  will  cause  severe  embrittlement.  The  purer 
the  base  metal  and  the  purer  the  welding  environment, 
the  more  the  tendency  toward  embrittlement  of  the 
welded  joint  will  be  reduced.  The  base  metal  is 
protected  and  the  atmosphere  is  pure  when 
gas-shielded  welding  is  used. 

A20.  Differentiate  between  TIG  and  MIG  welding, 
identify  uses  of  these  processes  on  specific  items,  and 
compare  welds  made  by  gas-shielded  welding  with 
those  made  by  ordinary  metal  arc  welding. 

Gas-Shielded  Welding.  Gas-shielded  welding  is  a 
fusion-welding  process  that  uses  the  heat  produced  by 
an  electric  arc  between  a  metal  electrode  and  the  work. 
The  principles  involving  the  arc,  or  heating  source,  are 
the  sane  as  those  for  metallic  arc  welding.  However,  in 
the  gas-shielded  process,  an  inert  gas  (helium  or  argon) 
is  used  to  shield  the  electrode.  The  shielding  gas 
flowing  from  the  orifices  in  the  torch  head  forms  a 
protective  blanket  over  the  weld  area.  This  protection 
prevents  the  air,  which  causes  the  formation  of  harmful 
oxides  and  nitrides,  from  coming  in  contact  with  the 
molten  metal. 

Uses  of  Gas-Shielded  Welding.  Tungsten-inert-gas- 
-shielded  welding  is  especially  adapted  for  light  gage 
metal  requiring  the  highest  quality  of  weld  and/or 
finish  because  of  good  concentration  of  heat,  precise 
heat  control,  and  the  ability  to  weld  with  or  v/ithout 
filler  metals.  It  is  one  of  the  few  processes  which 
permits  the  rapid,  satisfactory  welding  of  tiny  or 
light-walled  objects.  For  heavier  gage  metal, 
metal-inert-gas-shielded  welding  is  used. 


There  are  many  types  of  inert  gas-shielded  welding 
processes.  The  types  that  we  will  discuss  are  tungsten- 
inert  gas  (TIG),  shown  in  figure  5-:,  and  metal-inert 
gas  (MIG),  shown  in  figure  5-2.  A  significant 
difference  between  the  two  is  that  tungsten-inert  gas 
uses  a  nonconsumable  tungsten  electrode,  while 
metal-inert  gas  uses  a  consumable  alloy  wire  with 
approximately  the  same  chemical  composition  as  that 
of  the  metal  being  welded. 

Advantages  of  Gas-Shielded  Welding.  Gas-shielded 
welding  produces  welds  that  are  stronger,  more 
ductile,  and  more  corrosion  resistant  than  are  welds 
made  with  ordinary  metal  arc  welding.  The  protective 
shield  that  envelops  the  weld  enables  the  joint  to  be 
made  without  the  use  of  flux,  thus  eliminating  the 
corrosion  due  to  flux  entrapment  and  expensive  post 
welding  and  flux  cleaning  operations.  The  entire  TIG 
welding  action  takes  place  without  spatter,  sparks,  or 
fumes.  MIG  welding  produces  some  spatter,  but  it  is 
very  easily  cleaned  off. 

Exercises  (A20): 

1 .  How  does  irr^rt  gas  help  produce  a  more  pure  weld? 


2.  What  is  a  significant  difference  between  TIG  and 
MiG  v/elding? 


3.  State  the  process  (TIG  or  M IG)  that  you  would  use 
on  each  of  the  following: 

a.  Thin  wall  tubular  parts:  .  

b.  1/ 2-inch-thick  diamond  hinges:  

c.  Fireproof  safe  hinges:  

d.  Aluminum  foil:  


4.  How  do  welds  produced  by  gas-shielded  welding 
compare  with  tho.se  made  with  ordinary  metal  arc 
welding? 
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Figure  5  1.  I  iingsicn-incrt-gas-sliicldcil  process  (  I  Ki). 


5-2.  Gas-Shielded  Welding  Equipment 

The  basic  equipment  requirement  for  giis-shielded 
welding  consists  of  a  power  source,  a  gas-shiclded 
welding  torch,  hose,  shielding  gases  and  controls,  and 
protective  equipment. 


A21.  Identify  operational  functions,  purposes, 
causes,  and  terms  involving  equipment  used  in  gas- 
shielded  welding. 


Power  Source.  1  he  welding  current  may  be  supplied 
by  a  welding  generator,  a  DC  rectifier,  or  an  AC 
transformer,  as  shown  in  figure  5-3.  It  is  important 
that  the  unit  have  good  current  control  at  the  lower  end 
of  its  current  range.  Standard  DC  welding  machines 
aiv  designed  to  produce  the  current  output  and  the 
range  necessary  to  meet  the  requirements  of  the  work. 
Superimposed  high  frequency  is  used  in  some 
machines  to  permit  starting  the  arc  without  the 
electrode  contacting  the  work. 


CONTACTOR 

Figure  5  2.  Mctal-incrt-^jas-shicldod  process  (MUl 
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Figure  5-3.  TIG  welder. 
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Gas-Shielded  Welding  Torch.  Several  types  and 
models  of  gas-shielded  welding  torches  are  used.  The 
operation  and  design  are  basically  the  same,  except  for 
the  method  by  which  they  are  cooled — by  air  or  by 
water. 

Air-cooled  torch.  The  air-cooled  torch,  shown  in 
figure  5-4,  is  designed  for  manual  welding  of  thin  gage 
metals.  It  is  excellent  for  weld-repairing  thin  section  jet 
engine  parts.  This  torch  can  be  used  for  welding  with 


high-frequency  stabilized  alternating  current  or 
straight  polarity  direct  current,  depending  upon  the 
job  requirements.  It  can  perform  continuously  on  AC 
or  DC  current  up  to  100  amperes. 

Water-cooled  torch.  The  water-cooled  torch,  shown 
in  figure  5~5,is  designed  to  operate  at  current  ratings 
from  100  to  300  amperes.  Water  cooling  of  the  torch 
and  power  cable  for  inert-gas-shielded  welding  makes 
it  possible  to  use  lightweight  parts  capable  of  carrying 
the  rated  current  without  danger  overheating.  The 
power  cable  is  located  in  the  water  discharge  hose. 
Water  flow  should  be  from  1  to  2  pints  per  minute.  A 
special  fuse  of  about  45  amperes  is  installed  in  tho 
power  lei^dline  to  the  toiv^a  io  protect  the  equipment 
from  overheating  in  case  of  water  stoppage.  The  torch 
head  consists  basically,  of  these  three  parts:  (1)  the 
collet  or  electrode  holder,  (2)  the  gas-shielding  cup, 
and  (3)  the  tungsten  electrode.  The  vShielding  gas  enters 
through  a  plastic  hose  fitted  to  the  rear  of  the  torch 
handle,  passes  through  the  body,  and  emerges  from  the 
gas  orifices  in  the  torch  head.  It  is  then  guided  down 
toward  the  weld  or  molten  pool  by  the  gas-shielding 
cup  that  surrounds  the  electrode. 

The  tungsten  electrode  is  held  firmly  in  place  by  a 
replaceable  electrode  holder  (collet)  that  screws  into 
the  torch  head.  The  threaded  end  that  screws  into  the 
torch  head  is  split  into  four  parts.  When  the  electrode 
holder  is  tightened,  it  clamps  on  the  electrode,  holding 
it  in  place.  The  holders  are  made  in  various  sizes  to 
hold  electrodes  from  0.020  to  0.025  inch  in  diameter 
and  from  3  to  12  inches  in  length. 

Hose.  A  rubber  or  plastic  hose  is  used  to  circulate 
water  for  cooling  the  torch  and  power  lead  cable.  The 
bare  flexible  lead  cable  is  Inclosed  in  the  water  outlet 
hose.  A  separate  hose  is  used  for  the  water  inlet,  and 
another  is  used  for  feeding  the  shielding  gas  to  the 
torch.  In  case  of  water  stoppage,  welding  must  be 
discontinued  to  prevent  damage  to  the  welding 
equipment. 

Water  stoppage  may  result  from  an  accumulation  of 
dirt  in  the  small  passages  of  the  torch.  This  condition 
can  usually  be  corrected  by  disconnecting  the 
waterlines  and  momentarily  reversing  the  flow  of 


TORCH  HANDLE 


GAS  IN- 


COLLET  BODY 
(ELECTRODE  HOLDER) 


TUNGSTEN 

ELECTRODE 


CABLE  &  HOSE 
ASSEMBLY 


EKLC 


CABLE  ADAPTOR 

Figure  5-4.  Air-cooled,  inert-gas-shielded  welding  torch. 
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water.  Three  possible  causes  of  leakage  in  waterlines 
are  (1)  excessively  high  water  pressure,  (2) 
mistreatment  of  equipment,  and  (3)  improperly  sealed 
hose  connections.  If  leaking  occurs  in  the  torch  handle, 
soldered  repairs  may  be  necessary.  When  the  hose  is 
damaged  near  a  fitting,  it  is  only  necessary  to  cutaway 
the  damaged  section  and  to  attach  a  hose  to  the  fitting. 
Rubber  cement  or  a  hose  clamp  may  be  used  to  make  a 
leakproof  joint.  When  the  water  outlet  hose  is 
shortened,  an  equal  length  of  electrical  cable  must  be 
removed. 

The  argon  or  helium  hose  must  be  gastight.  If  the 
molten  pool  becomes  cloudy  or  the  tungsten  electrode 
turns  blue  on  cooling,  this  is  in  indication  of  a  leak  in 
the  hose  or  the  hose  connections.  If  the  plastic  hose  is 
subjected  to  temperatures  above  125°  F.,  it  will 
become  soft  and  lose  its  strength.  It  should  therefore  be 
protected  carefully  and  not  allowed  to  come  into 
contact  with  hot  metal.  Hose  that  has  been  burned  or 
broken  must  be  replaced,  since  it  cannot  be  repaired. 
Leaks  will  cause  the  shielding  gas  to  become  diluted 
with  air  and  will  contaminate  the  molten  pool  metal. 

Shielding  Gas.  Helium  and  argon  are  inert  gases  that 
used  in  gas-shielded  welding.  The  term  "inert  gas" 
indicates  a  chemically  inactive  gas;  it  will  not  combine 
with  any  other  element.  Whether  the  welder  uses 
helium  or  argon  for  the  shielding  gas  depends  upon  the 
distinctive  charactistics  he  requires  tc  produce  the 
desired  results.  In  some  cases,  h  Mum  is  preferable  to 
argon,  because  helium  produces  more  heat  per  ampere 
of  welding  current,  if  other  factors  are  equal.  This 
characteristic  becomes  a  disadvantage,  however,  when 
you  are  welding  very  light  gage  metal  (1/32  inch  or 
less).  Here,  arc  stability  becomes  a  very  important 
factor.  W  ith  higher  current  settings,  it  is  better  to  use 
argon  with  its  lower  arc  voltage.  In  some  instances,  ihe 
type  of  shielding  gas  to  use  depends  upon  the  cost  of 
the  job,  as  well  as  the  particular  characteristics  of  the 
gases.  Both  gases  are  plentiful.  Helium  is  much  cheaper 
than  is  argon,  but  you  use  more  helium  to  perform  the 
same  shielding  operation,  because  of  the  difference  in 
the  weight  of  the  two  gases.  Since  helium  is  several 
times  lighter,  it  does  not  settle  down  around  the  work  as 
well  as  argon.  Also  the  consumption  of  argon  is  about 
one-third  less  than  that  of  helium. 


consumption  of  argon  is  about  one-third  less  Lhan  that 
of  helium. 

Argon.  Argon  is  a  colorless,  odorless,  nontoxic,  and 
nonflammable  inert  gas  which  is  somewhat  heavier 
than  air.  It  is  supplied  in  cylinders  similar  in  size  and 
shape  to  oxygen  cylinders;  argon  cylinders  carry 
pressures  of  2000  to  2500  psi.  The  cylinder  may  be 
identified  by  the  distinctive  color  markings  of  gray 
with  a  white  band  paint  horizontally  around  it.  The 
cylinder  is  considered  empty  when  the  pressure  is 
reduced  to  40  psi. 

Helium,  Helium  is  a  colorless,  odorless,  nontoxic, 
and  tasteless  inert  gas.  Much  lighter  than  air,  it  is  the 
second  lightest  of  all  gases.  Helium  is  nonflammable 
and,  like  argon,  is  placed  under  pressure  in  cylinders  at 
2000  or  2500  psi.  The  cylinder  may  be  identified  by  the 
distinctive  color  markings  of  gray  with  a  buff  (light 
brown)  top.  The  cylinder  is  considered  empty  when  the 
pressure  is  reduced  to  25  psi. 
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Figure  5  6.  Argon  regulator  nowmeter. 
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Gas  Control  Equipment.  Suitable  metering  devices 
are  used  to  control  the  flow  of  shielding  gases.  A 
combination  regulator  and  flowmeter,  as  shown  in 
figure  5-6,  is  available.  It  steps  down  the  high  pressure 
in  the  cylinder  or  manifold  cylinders  to  a  lower 
working  pressure.  The  gas  flow  to  the  apparatus  is 
indicated  on  a  flowmeter  tube.  In  operations  in  which 
the  gas  consumption  is  high,  a  central  cylinder 
manifold  system  can  be  installed,  and  the  gas  can  be 
piped  to  the  various  welding  stations.  The  flowmeter  is 
equipped  with  a  manual  throttle  valve  for  gas  flow 
adjustment,  and  the  welder  can  set  the  flow  required. 
The  flowmeter  tube  is  calibrated  at  a  positive  pressure 
which  normally  exceeds  any  back  pressure  produced 
by  the  apparatus.  This  makes  a  true  reading  of  the  gas 
flow  possible. 

When  a  combination  regulator  flowmeter  is  not 
available,  a  regulator  identical  in  design  and 
construction  to  the  two-stage  oxygen  regulator  can  be 
used  for  argon.  When  only  oxygen  regulators  are 
available  for  welding  with  helium,  use  an  adapter  to 
attach  the  regulator  to  the  helium  cylinder.  An  adapter 
is  also  necessary  to  attach  the  hose  to  the  regulator. 

A  flowmeter  must  be  installed  between  the  regulator 
and  torch.  It  indicates  gas  flow  to  the  torch  in  liters  per 
minute  or  cubic  feet  per  hour.  You  can  determine  gas 
flow  in  cubic  feet  per  hour  from  the  flowmeter  setting. 
A  flow  of  1  liter  per  minute  is  equivalent  to  a  flow  of 
2.12  cubic  feet  per  hour.  The  cylindrical  tube  of  the 
flowmeter  should  be  mounted  vertically,  since  a 
lightweight  metal  spinner  in  the  tube  indicates  gas  flow 
by  rising  or  lowering  with  the  flow  of  gas. 

Auxiliary   Equipment.   The   foot   control   is  a 
foot-cperated  rheostat  which  is  installed  in  the  field 
circuit  of  the  welding  machine  to  change  the  arc  for 
varying    thicknesses    of    metal.   This   provides  a 
convenient  method  of  making  slight  changes  in  the 
current  settings  as  you  weld.  Another  advantage  of  the 
foot  control  is  that  you  can  shut  off  the  welding  current 
while  the  gas  continues  to  flow,  protecting  the  weld 
during  cooling  and  helping  to  prevent  crater  cracking.  If 
a  machine  does  not  have  a  built-in  water  and  gas  flow 
control,  a  water-gas  shutoff  valve  can  be  installed.  It 
iihould  be  insulated  from  the  grounded  side  of  the 
welding  circuit.  The  flow  of  water  and  gas  going  to  the 
torch  can  then  be  shut  off  by  hanging  the  torch  on  a 
hooked  arm  provided  for  that  purpose. 

Protective  Equipment.  The  protective  equipment 
necesarry  for  inert  gas  welding  is  the  same  as  that  for 
metal  arc  welding — helmet,  gloves,  and  proper 
clothing.  MIG  welding  requires  a  darker  lens  in  the 
helmet  and  more  protective  clothing  than  does  TIG 
welding. 

Exercises  (A21): 

1.  list  the  three  power  sources  available  for  use  in 
g;is-shielded  welding. 
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2.  For  what  purpose  is  superimposed  high  frequency 
used? 


3.  What  are  the  advantages  of  using  a  water-cooled 
welding  torch? 


4.  What  are  three  possible  causes  of  leakage  in 
waterlines? 


5.  Explain  the  term  "inert  gas.' 


6.  If  you  have  a  gas  flow  of  5  liters  per  minute,  what  is 
the  flow  per  hour? 


7.  If  a  number  10  Ions  is  safe  for  TIG  welding,  would 
you  use  a  number  8  or  14  for  the  MIG  welding? 


8.  Write  true  or  false  for  each  of  the  following 
statements: 

 a.       The  head  of  the  water-cooled  torch  consist, 

basically,  of  these  three  parts:  (1)  the  collet, 
(2)  the  gas-shielding  cup,  and  (3)  the 
tungsten  electrode. 

 b.      Argon  cylinders  have  a  distinctive  color 

marking  of  gray  with  a  buff  (light  brown) 
top. 

 c.       A  true  reading  of  the  gas  flow  is  possible 

because  the  flowmeter  tube  is  calibrated  at  a 
positive  pressure — one  normally  exceeding 
any  back  pressure  produced  by  the  apparatus. 

 d.      A  disadvantage  of  the  foot  co  .irol  is  that 

you  cannot,  using  it,  shut  off  the  welding 
current  while  the  gas  continues  to  flow;  so 
the  weld  is  not  protected  during  cooling  and 
crater  cracking  is  not  prevented. 


A22.  Associate  current  to  use  with  expected  results  or 
type  or  work,  and  identify  operational  factors 
governing  setting  up  inert  welding  equipment. 

The  factors  that  govern  the  setting  up  of  inert 
welding  equipment  preparatory  to  welding  are  welding 
current,  shielding  gas,  electrodes,  and  gas-shielding 
cups.  We  will  discuss  these  in  turn  next. 

Welding  Current.  The  welding  current  may  be  either 
AC  or  DC.  However,  certain  distinctive  weld 
characteristics  obtained  with  AC  or  DC  make  proper 
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current  selection  necesary  if  you  arc  to  satisfy  a  specific 
requirement.  Thus  the  choice  of  polarity  used  in  DC 
welding  depends  upon  the  type  of  metal  you  weld. 
Direct  current  with  straight  polarity  (DC-SP  is 
suitable  for  welding  stainless  steeK  copper,  copper 
alloys  and  low  and  medium  alloy  steels.  In  straight 
polarity  welding  the  electrons  striking  the  plate  at  high 
velocity  have  a  considerable  heating  effect  on  the  plate. 
However,  in  reverse  polarity  (DC-RP)  welding,  the 
opposite  occurs;  the  electrode  absorbs  the  extra  heat, 
which  then  tends  to  melt  off  the  end  of  the  electrode. 
For  any  given  current  setting,  DC-RP  requires  a  larger 
diameter  electrode  than  does  DC-SP.  These  opposite 
heating  effects  influence  not  only  the  welding  action 
but  also  the  shape  of  the  weld,  as  shown  in  figure  5-7. 

Direct  current  with  straight  polarity  produces  a 
narrow,  deep  weld;  direct  current  with  reverse  polarity, 
because  of  the  larger  diameter  electrodi.  and  lower 
current  used,  produces  a  wide,  relatively  shallow  weld. 
Direct  current  with  reverse  polarity  breaks  up  oxide 
film  on  metal,  permitting  flux-free  welding  of  such 
metals  as  aluminum  and  magnesium.  Because  of  this 
characteristic,  early  users  adopted  DC-RP  as  standard 
for  welding  magnesium.  However,  subsequently 
alternating  current  with  high  frequency  has  replaced  it, 
because  of  the  latter's  stability.  Alternating  current,  in 
principle  is  a  50-50  combination  of  DC-SP  and 
DC-RP.  It  reverses,  in  cycles,  between  the  two 
polarities.  In  effect,  the  straight  polarity  component 
delivers  adequate  heat  to  the  work,  resulting  in 
satisfactory  penetration  and  speed,  while  the  reverse 
polarity  component  breaks  up  the  oxide  film.  Foreign 
matter — such  as  moisture,  oxides,  and  scale — on  the 
surface  of  the  plate  tends  to  prevent  the  flow  of  the 
current  in  the  reverse  polarity  direction.  If  no  current 
flows  in  the  reverse  direction,  rectification  has 
occurred.  To  prevent  this,  it  is  common  practice  to 
superimpose  on  the  standard  welding  current  (60 
cycle),  high  voltage  (300  volt),  and  high  frequency 
(120,000)  to  produce  a  low-intensity  arc.  When  high 
frequency  is  superimposed  on  AC  current,  a  continual 
flow  of  electrons  is  jumping  the  gap  between  the 
electrode  and  the  work  piece,  piercing  the  oxide  film 
and  forming  a  path  for  the  welding  current  to  follow. 
This  makes  arc  stabilization  possible  while 
maintaining  a  reverse  polarity  current  flow.  Some 
advantages  obtained  from  using  high-frequency 
current  are  a^  follows:  the  arc  may  be  started  without 
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Hgure  5  7.  Comparison  of  weld  contour.s. 


touching  the  electrode  to  the  work  piece,  better  arc 
starting  and  stability  are  obtained,  a  longer  are  is 
possible,  welding  electrodes  have  a  longer  life,  and  the 
use  of  wider  current  ranges  is  possible.  A  typical  weld 
contour  produced  with  high-frequency  stabilized  AC  is 
shown  in  figure  5-7. 

Shielding  Gas.  Gas  purity  may  have  considerable 
effect  on  welding,  depending  upon  the  extent  to  which 
the  metal  is  affected  by  impurities.  Consequently, 
stainless  steeK  as  a  rule,  is  not  significantly  affected  by 
small  percentages  of  impurity  in  the  shielding  gas.  In 
contrast,  nonferrous  metals,  such  as  aluminum  and 
magnesium,  are  sensitive  to  impurities  and  so  should 
be  welded  with  high  purity  gas.  The  argon  and  helium 
gases,  which  are  commercially  available,  average  well 
over  99.9.S  percent  in  purity. 

Argon  IS  generally  used  for  all  altenating-current 
welding  applications,  such  as  the  welding  of 
aluminum,  magnesium,  and  copper.  The  arc  is 
relatively  hard  to  start  in  helium  gas  shielding  when 
very  low  welding  current  is  used.  This  difficulty  is  not 
encountered  with  argon  and  the  low  arc  voltage 
characteristic  is  particularly  helpful  in  welding  thin 
material,  because  the  tendency  to  burn  through  is 
reduced.  Helium  is  used  mainly  in  DC-SP  welding.  It 
can  be  used  in  the  DC-SP  welding  of  magnesium. 

Electrodes.  In  inert-gas-shielded  welding,  there  are 
two  types  of  electrodes — (1)  the  tungsten, 
nonconsumable  electrode  used  in  TIG  welding,  and  (2) 
the  metal,  consumable  electrode  used  in  MIG  welding. 

Tungsten  electrodes.  The  two  types  of  tungsten 
electrodes  used  for  gas-shielded  welding  are:  (1)  the 
tungsten  type  containing  I  or  2  percent  thorium  and  (2) 
the  commercially  pure  type  (99.4  percent). 

Thoriated  tungsten  electrodes  are  superior  to  pure 
tungsten  electrodes,  because  of  their  higher  electrode 
flow,  better  arc  starting  and  stability,  higher  current- 
carrying  capacity,  and  higher  resistance  to 
contamination. 

The  tungsten  electrodes  are  practically 
nonconsumable.  However,  if  an  electrode  touches  the 
molten  pool,  a  small  ball  will  form  on  the  end  of  the 
tungsten  rod.  The  contaminated  end  may  cause  an 
erratic  arc,  but  this  can  be  stabilized  by  striking  the  arc 
on  a  copper  plate.  Remove  the  excess  metal  pickup 
from  the  end  of  the  electrode  by  grinding  or  breaking  it 
off  with  a  pair  of  pliers.  Electrode  loss  from  oxidation 
can  be  prevented  by  permitting  the  gas  to  flow  a  short 
time  after  the  arc  is  broken,  thus  allowing  the  electrode 
to  cool  in  the  protected  atmosphere  of  the  shielding 
gas.  The  diameter  of  the  electrode  to  be  used  depends 
upon  he  current  setting  used  in  welding. 

The  tungsten  electrode  may  be  identified  by  color; 
for  example,  a  green  marking  on  the  box  or  rod 
identifies  it  as  pure  tungsten;  a  yellow  marking;  as  1 
percent  thoriated;  and  a  red  marking,  as  2  percent 
thoriated.  The  electrode  should  extend  beyond  the  end 
of  the  gas-shielding  cup  a  distance  equal  to  its  diameter 
for  butt  welding  and  slightly  farther  for  fillet  welding. 
Selecting  the  right  size  of  electrode  for  each  job  is 
important  in  preventing  electrode  damage  (pure  tungsten 
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Electrode 

Gas  Cup 

Welding  Current  (Amperes) 

Dia  In. 

No. 

AC 

DCSP 

DCRP 

.  040 

6 

10-40 

10-40 

1/16 

6 

20-60 

20-75 

10-20 

3/32 

6-7-8 

30-100 

30-100 

15-20 

1/8 

6-7-8 

150 

100-150 

25-40 

3/16 

7-8 

200 

125-200 

40-80 
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Figure  5  8.  Selection  of  electrode  diameter,  gas  cup.  and  current  setting. 


melts  at  6125°  F.)  and  poor  welds  caused  by  a  current 
that  is  too  high  or  too  low.  Excessive  current  will  cause 
tungsten  particles  to  transfer  to  the  weld,  while 
insufficient  current  allows  the  arc  to  wander  erratically 
over  the  end  of  the  electrode.  Recommended  electrode 
sizes  for  various  ranges  c "  welding  current  are  shown  in 
figure  5-8. 

Metal  electrodes.  The  electrode  used  for  MIG 
welding  operations  is  a  consumable  alloy  wire  with 
approximately  the  same  chemical  composition  as  that 
of  the  metal  being  welded.  The  gas-shielding  cup  size 
and  current  also  vary  with  the  diameter  as  well  as  the 
composition  of  the  alloy  wire. 

Gas*ShieIding  Cups.  Gas-shielding  cups  are  made  of 
plastic,  metal,  and  ceramic  tile.  They  are  made  in 
various  sizes,  and  the  size  selected  will  depend  upon  the 
diameter  of  the  electrode  used,  as  shown  in  figure  5-8. 
The  cup  number  indicates  the  diameter  of  the  cup 
opening  in  multiples  of  1/16  inch.  Thus,  a  number  8 
cup  has  an  opening  of  1  /2  inch.  Continued  use  of  the 
torch  at  high  amperage  tends  to  deteriorate  the 
shielding-gas  cup.  For  this  reason,  metal  water-cooled 
cups  are  used  with  currents  above  100  amperes. 


Column  A  Column  B 

1.  Wide  bead.  a.  OC-SP. 

2.  Deep  penetration.  b.  OC-RP. 
.  3.  Weld  magnesium.  c.  AC. 

4.  Use  high  frequency. 
.5.  Break  up  oxide  I'ilm. 
.  6.  Weld  copper. 


2.  When  TIG  welding  aluminum,  which  is  the 
preferred  electrode,  one  with  a  green  mark  or  one 
with  a  red  mark?  What  is  this  electrode? 


3.  Indicate  in  the  spaces  provided  whether  argon  or 
helium  shielding  gas  should  be  used: 

 a.  Weld  magnesium  with  DC-SP. 

 b.  Weld  aluminum. 

 c.  Weld  stainless  steel. 

 d.  Weld  with  high  frequency. 

 e.  Weld  medium  alloy  steel  by  MIG. 


Exercises  (A22): 

1 .  Match  each  current  to  use,  given  in  column  B,  with 
its  related  type  of  work  or  required  result,  found  in 
column  A,  by  putting  each  lettered  item  (column  B) 
beside  its  corresponding  numbered  item  (column  A). 
NOTE:  Each  item  in  column  B  may  be  used  once  or 
more  than  once. 


4.  Indicate  in  the  space  provided  the  size  gas  cup  used 

for  welding  with: 
 a.  90  amps  DC-SP. 

 b.  1  /  16-inch-diameter  electrode,  20  amps  AC. 

 c.  above  150  amps  DC-SP. 

 d.  50  amps  DC-RP. 
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CHAPTER  6 


TIG  Welding 


TUNGSTEN-INERT-GAS  (TIG)  welding  is  used 
extensively  for  aircraft  repair  and  on  light  gage 
materials.  It  has  also  been  proven  to  be  a  very  effective 
means  of  joining  heat  and  corrosion -resitance  ferrous 
alloys,  such  as  aluminum  and  magnesium. 

6-1.  Joints  of  Heat-and  Corrosion-Resistant 
Ferrous  Alloys 

There  are  several  types  of  joints  used  when  welding 
heatand  corrosion-resistant  ferrous  alloys.  These 
consist  of  edge,  butt,  lap,  and  tee  and  corner  joints. 

In  this  section,  we  will  discuss  the  preparation  for 
and  welding  of  the  joints  just  mentioned  by  referring  to 
the  most  common  heat-and  corrosion-resistant  ferrous 
alloy — stainless  steel.  Let's  start  our  discussion  with 
some  factors  that  will  affect  our  successful  welding  of 
stainless  steel. 

A23.  Cite  operational  factors  affecting  stainless  steel 
welding. 

Inert  gas-shielded  welding  is  preferred  for  the 
welding  of  corrosion-resistant  steels.  This  process  is 
used  extensively  for  the  fabrication  and  repair  of 
hospital  and  kitchen  parts,  because  it  produces  a 
minimum  of  warpage,  prevents  oxidation,  and 
maintains  the  maximum  of  corrosion  resistance  in  the 
welded  part.  The  use  of  special  fixtures,  the  application 
of  certain  techniques,  and  the  close  control  ot  current 
settings  and  welding  speed  will  help  you  produce  welds 
of  high  quality. 

As  the  coefficient  of  expansion  for  stainless  steel  is 
approximately  60  percent  greater  than  that  for  carbon 
steels,  special  precautions  are  necessary.  To  keep  the 
metal  from  warping  during  welding,  you  must 
correctly  align  and  properly  space  the  joint  edges. 
Space  tack  welds  closely  in  accordance  with  metal 
thickness.  Thin  gage  meetals  have  less  resistance  to 
warpage  from  the  heat  of  welding,  and  you  must  tack 
weld  them  at  closer  intervals. 

Carbide  precipitation  is  another  important  factor  to 
consider  in  welding  stainless  steel.  You  can  reduce  it  to 
a  minimum  by  confining  the  arc  or  heat  to  as  small  an 
area  as  possible  and  still  obtain  proper  fusion.  Smaller 
electrodes,  higher  amperages,  and  faster  welding 
speeds  are  helpful.  Inert-gas-shielded  welding  is 
adaptable,  since  the  tungsten  electrode  has  a  very  high 
melting  point,  permitting  the  use  of  high  amperages 


with  smaller  diameter  electrodes.  This  results  in  higher 
welding  speeds,  a  narrow  heat-affected  zone,  and  more 
rapid  cooling. 

On  some  gas-shielded  welding  applications,  the  joint 
edges  should  be  backed  up  to  obtain  the  best  results. 
On  light  gage  material,  backing  is  usually  used  to 
protect  the  underside  of  the  weld  from  atmospheric 
contamination,  which  would  result  in  possible  weld 
porosity  or  poor  surface  appearance.  In  addition,  weld 
backup  on  heavier  motals  prevents  the  weld  from 
melting  through  by  conducting  some  of  the  heat  away 
from  the  joint  edges.  Three  methods  of  backing  up 
welds  to  protect  the  undersides  of  the  welds  are:(l) 
introduce  an  inert  gas  on  the  underside  of  the  weld,  (2) 
use  a  combination  of  backup  olate  and  an  inert  gas, 
and  (3)  brush  flux  on  the  underside  of  the  joint.  Flat 
metal  backup  plates  may  be  used  only  on  joints  of  the 
flange  type,  as  shown  in  figure  6- 1 .  If  the  plate  comes  in 
contact  with  the  underside  of  the  weld,  the  penetration 
will  be  rough  and  uneven.  On  square  edge  butt  joints, 
the  backup  plate  is  grooved  directly  below  the  joint 
edges,  as  shown  in  figure  6-2.  This  groove  permits  the 
weld  metal  to  penetrate  uniformly  through  the  joint. 
When  the  weld  must  conform  to  extremely  rigid 
specifications,  you  must  take  extra  care  to  exclude  all 
atmospheric  oxygen  from  the   weld.  Do  this  by 
introducing  the  shielding  gas  into  the  relief  groove  of 
the  backing  plate.  When  the  design  of  the  assembly 
prohibits  using  a  backing  plate,  you  can  direct  a  series 
of  hydrogen  flames  on  the  underside  of  the  joint  to 
exclude  the  atmosphere  from  the  weld. 

Exercises  (A23): 

1.  How  can  carbide  precipitation  be  reduced  to  a 
minimum? 


2.  Why  is  inert-gas-shielded  welding  used  extensively 
for  fabricating  and  repairing  kitchen  parts? 


3.  How  does  the  coefficient  of  expansion  for  stainless 
steel  compare  with  that  for  carbon  steel? 
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Hgjirc  6  L  Backup  plate  used  on  a  Oagc-tNpc  joint. 


4.  List  three  methods  of  backing  up  welds  to  protect 
their  undersides. 


to  the  low  position  to  break  the  arc  and  permit  the 
shielding  gar>  to  flow  over  the  weld  area  until  it  has 
cooled  to  a  black  heat. 

Exercises  (A24): 

1.  Under  what  circumstances  should  an  edge  joint  not 
be  used? 


2.  What  current  is  used  for  welding  3/64-inch-thick 
stainless  steel  edge  joints? 


A24.  State  key  functional  features  of  the  preparatory 
procedures  and  welding  application  for  edge  joints  of 
stainless  steeK 

Edge  Joint.  The  edge  joint,  one  of  the  easiest  joints 
to  weld,  is  used  primarily  on  light  gage  metal.  It  is  not  a 
strong  joint  and  may  fail  at  the  root  under  relatively 
low  stress  loads.  It  should  therefore  not  be  used  if 
direct  tension  or  bending  stresses  will  be  applied  to  the 
finished  joint. 

Metal  preparation  and  setup.  The  preparation  of  the 
edge  joint  is  simple.  Clean  the  edges  thoroughly  to 
remove  all  foreign  material.  Make  sure  that  the  edges 
fit  together  evenly  and  that  all  burrs  have  been 
removed.  A  very  close  fit-up  is  necessary  for  the  edges 
to  fuse  together  without  the  use  of  filler  rod. 

Machine  setting  and  equipment  adjustment.  For 
metal  thicknesses  from  .030  to  .05 1  inch,  you  may  alter 
the  setting  slightly  to  fit  the  thickness  of  the  metal.  Set 
the  current  for  15  to  30  ampere  DC-SP.  Adjust  the 
flowmeter  to  allow  8  to  10  liters  of  gas  flow  per  minute. 
Use  a  tungsten  electrode  with  a  diameter  from  .040  to 
3/ 32  inch  adjusted  to  extend  I  /4  to  5/ 1 6  inch  beyond 
the  edge  of  the  gas-shielding  cup.  V/ith  a  water-cooled 
torch,  the  water  fiow  should  be  approximately  I  pint 
per  minute. 

Welding  application.  At  the  weld  starting  point, 
strike  and  hold  an  arc  until  a  molten  pool  develops. 
Hold  the  electrode  as  nearly  vertical  to  the  joint  as 
possible  and  regulate  the  speed  of  travel  to  produce  a 
uniform  bead.  A  slow  welding  speed  will  cause  molten 
metal  to  roll  off  the  edge  of  the  metal.  Irregular  or 
rapid  speed  of  travel  will  produce  a  rough  or  an  uneven 
surface.  To  terminate  the  weld,  swing  the  foot  control 
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Figure  6  2.  Backup  plate  used  on  a  square  edge  butt  joint. 
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3.  How  should  you  terminate  the  weld? 


4.  Why  is  a  very  close  joint  fit-up  necessary  when 
preparing  an  edge  joint? 


5.  Irregular  or  rapid  welding  speed  when  welding  edge 
joints  will  produce  what  type  of  surface? 


A25.  Identify  functional  features  involved  in 
completing  butt  joints. 

Butt  Joints.  Stainless  steel  butt  welds  made  by 
inert-gas-shielded  welding  may  be  made  narrow  and, 
therefore,  may  not  have  to  be  reinforced.  The  reason  is 
that  the  shielding  results  in  a  weld  that  has  high 
ductility  and  high  tensile  strength.  Because  of  the  high 
amperage  carried  by  the  small  electrode,  a  narrow  weld 
can  be  made  that  has  fusion  quality  equal  to  that  of  a 
wider  weld  made  with  the  oxyacetylene  or  metallic  arc 
welding  processes. 

The  square  edge  butt  joint  is  easy  to  preparr  id  can 
be  welded  with  or  without  filler  metal,  depending  upon 
the  thickness  of  the  pieces  being  welded.  When  yoa 
weld  light  gage  metal  without  adding  filler  metal,  be 
extremely  careful  to  avoid  low  spots  and 
burn-through.  The  heavier  thicknesses  will  generally 
require  filler  metal  to  provide  adequate  reinforcement. 

Metal  preparation  and  setup.  Light  gage  sheet  stock 
to  be  butt  welded  must  be  accurately  sheared  and  free 
of  burrs,  and  the  edges  must  be  thoroughly  cleaned  of 
all  foreign  matter.  When  you  weld  butt  joints,  align  the 
joint  edges  parallel,  allowing  a  space  approximately 
the  thickness  of  the  metal,  and  tack  weld,  as  shown  in 
figure  6-3. 

Machine  settings  and  equipment  adjustment.  For 
metal  thicknesses  from  .030  to  .05 1  inch,  you  may  alter 
slightly  the  current  settings  to  fit  the  thickness  of  the 
metal.  The  welding  unit  is  adjusted  to  DC-SP  and  set  at 
1 5  to  30  amperes,  and  the  argon  flow  is  from  4  to  6  liters 
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per  minute.  Select  a  tungsten  electrode  .040  to  3/32 
inch  in  diameter,  and  adjust  it  to  extend  1/4  to  5/ 16 
inch  beyond  the  edge  of  the  gas-shielding  cup.  If  the 
toich  is  water  cooled,  adjust  the  water  flow  to 
approximately  1  pint  per  minute. 

Welding  application.  Strike  an  arc  on  a  copper  plate 
with  the  foot  control  rheostat  set  in  the  high  position. 
Immediately  upon  establishing  the  arc,  swing  the  foot 
control  toward  the  low  position  and  hack  again  toward 
high,  fluctuating  the  current  o  steady  the 

characteristics  of  the  arc.  Mo\  arc  to  the  joint 
edges  and  travel  steadily  along  (fo.  hand),  holding  the 
electrode  as  nearly  vertical  to  thejoint  as  possible.  Add 
filler  rod  at  the  forward  edge  of  the  molten  pool  to 
prevent  contaminating  the  tungsten  electrode  and  to 
aid  in  weld  control. 

To  terminate  the  weld,  swing  the  foot  control  to  the 
low  position  to  break  the  arc,  permitting  the  shielding 
gas  to  flow  over  the  weld  area  until  it  has  cooled  to  a 
black  heat.  In  order  to  avoid  overlap  in  restarting  a 
weld,  strike  the  arc  ahead  of  the  terminated  weld 
(approximately  1/4  inch)  and  then  move  the  arc  back 
to  the  end  of  the  weld,  bringing  the  weld  to  a  molten 
state  before  adding  filler  rod. 

The  completed  weld  should  have  penetration 
slightly  in  excess  of  100  percent.  Reinforcement  for 
light  gage  stainless  steel  can  vary  from  5  to  30  percent 
of  T  (thickness)  with  the  width  of  the  bead  varying 
from  2  to  3  T.  The  surface  appearance  of  the  completed 
weld  should  be  dark  bronze  or  light  purple. 

Exercises  (A25): 

1.  Why  is  the  filler  rod  added  to  the  forward  edge  of 
the  molten  pool? 


2.  What  is  the  minimum  p'^netration  allowed  on 
.050-inch-thick  stainless  ste  I  butt  joints? 


3.  Describe  briefly  the  appearance  of  a  properly  made 
butt  weld  of  stainless  steel. 


A26.  Supply  operational  factors  and  identify  the 
specific  welding  procedures  involved  in  preparing 
and  welding  lap,  tee,  and  corner  joints. 

Lap  Joints.  Lap  joints  are  used  to  join  two 
overlapping  sheets  so  that  one  sheet  is  welded  to  the 
surface  of  the  other.  When  the  joint  design  does  not 
permit  welding  from  both  sides,  the  joint  may  be 
welded  from  one  side  only.  For  some  applications, 
such  as  tubular  splices,  a  single  welded  lap  is 
satisfactory;  however,  a  single  welded  Ian  ioint  in  sheet 
metal  will  not  develop  the  full  strengtii  of  the  base 
metal.  Lap  joints  are  used  extensively  in  the  repair  of 
weldable  jet  and  conventional  aircraft  parts  because  of 
the  ease  of  prepara  :ion  and  welding.  Stainless  steel  and 
inconel  lap  welds  made  by  the  inert  gas-shielded 
process  in  light  gage  metals  up  to  .0625  inch  in 
thickness  can  be  set  up  and  welded  without  adding 
filler  rod.  Direct  the  arc  to  melt  the  upper  edge  of  the 
joint  to  make  a  smooth,  slightly  convex  weld  bead. 

Metal  preparation  and  setup.  Shear  the  pieces  to  be 
lap  welded  to  leave  a  square  edge  free  of  burrs  and 
warping.  Clean  the  edges  thoroughly  to  remove  all 
foreign  materials.  You  may  use  steel  wool  for  this 
purpose. 

Machine  setting  and  equipment  adjustment.  The 
machine  and  equipment  settings  for  welding  lap  joints 
are  the  same  as  those  for  butt  welds,  except  that  the 
amperage  is  set  slightly  higher — 20  to  40  amperes. 

Welding  application.  After  the  arc  is  struck  and 
stabilized  on  a  copper  plate,  move  the  arc  to  the  joint 
edge  and  travel  steadily  along  (forehand),  melting  back 
approximately  1  to  2  thicknesses  of  the  top  sheet. 
Failure  to  melt  back  the  top  sheet  will  result  in  a 
concave  undercut  bead.  Weaving  of  the  torch  is  not 
necessary  to  lap  weld  light  gage  stainless  steel  sheets. 
Tilt  the  torch  head  slightly  toward  the  root  of  thejoint 
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and  in  the  direction  of  travel.  Take  particular  care  to 
insure  thai  penetration  at  the  root  of  the  weld  is  15  to 
85  percent  ol  i .  The  reinforcement  should  not  extend 
above  the  thickness  of  the  upper  sheet.  The  contour  of 
the  bead  should  be  slightly  convex.  The  weld  metal 
should  taper  smoothly  into  the  base  metal  with  no 
overlap,  and  the  width  of  the  bead  should  be  from  2  to 
3  times  T.  The  surface  appearance  should  be  dark 
bronze  or  light  purpose. 

Tee  and  Corner  Joints.  Tee  and  corner  joints  are 
used  to  join  t  wo  plates  whose  surfaces  are  at  an  angle  of 
approximately  90"*  to  each  other.  Welding  can  be  done 
from  one  or  both  sides,  depending  upon  the  position, 
type  of  joint,  and  strength  required. 

Me(al  preparation  and  setup.  Shear  the  stainless 
steel  sheet  stock  to  be  tee  or  corner  welded  to  leave  a 
square  edge  free  of  burrs  and  warpage.  Thoroughly 
clean  the  joint  edges.  For  metal  up  to  .0625  inch  in 
thickness,  no  edge  preparation  other  than  cleaning  and 
square  shearing  is  necessary.  Metal  over  .0625  inch 
thick  is  sometimes  prepared  for  a  single  V-tee  or  a 
double  V-tee  when  the  joint  can  only  be  welded  from 
one  side  or  when  maximum  strength  is  necessary.  Do 
not  space  tee  or  corner  joints  for  inert-gas-shielded  arc 
welding,  because  the  concentrated  heat  of  the  arc 
permits  obtaining  proper  fusion  and  penetration 
without  spacing.  Fluxing  the  back  side  of  tee  joints  and 
underside  of  corner  joints  is  recommended. 

Machine  setting  and  equipment  adjustment.  The 
machine  and  equipment  settings  for  welding  tee  and 
corner  joints  are  the  same  as  for  butt  welds,  except  that 
the  argon  flow  for  corner  joints  should  be  adjusted  to  8 
to  10  liters  per  minute,  and  for  tee  joints,  the  electrode 
should  extend  3/8  to  1/2  inch  beyond  the  edge  of  the 
gas-shielding  cup. 

Welding  application.  Strike  and  hold  an  arc  on  a 
piece  of  copper  plate,  using  the  foot  control  rheostat  to 
establish  a  stable  arc  of  the  approximate  required  heat. 
Tack-weld  the  edges  of  the  joint  about  1 V2  inches  apart. 
Hold  the  torch  so  that  it  will  bisect  the  included  angle 
made  by  the  two  pieces  being  welded  and  as  nearly 
perpendicular  to  the  areas  of  the  weld  as  practical.  To 
weld  sheets  of  unequal  thickness,  preheat  the  heavy 
sheet  with  a  long  arc  and  direct  most  of  the  heat  on  the 
heavy  sheet  during  the  actual  welding  operation.  Add 
the  filler  rod  at  the  root  of  the  joint  and  the  forward 
edge  of  the  molten  pool.  Protect  the  molten  pool  and 
end  of  the  filler  rod  with  the  shielding  gas  during  the 
entire  welding  operation.  The  angle  of  the  torch,  heat 
input,  and  speed  of  travel  must  be  exact  in  welding  the 
tee  joint  to  insure  adequate  penetration  at  the  root  of 
the  weld  without  burning  through  the  vertical  sheet.  To 
terminate  the  weld,  swing  the  foot  control  to  the  low 
position  to  break  the  arc  and  permit  the  shielding  gas 
to  flow  over  the  weld  area  until  it  has  cooled  to  a  black 
heat.  The  upper  and  lower  legs  of  the  tee  weld  should 
equal  1!^  T.  The  upper  and  lower  legs  of  the  corner 
joint  should  equal  T.  The  throat  of  the  weld  for  both 
tee  and  corner  welds  should  equal  approximately  T. 
Tee  welds  should  have  a  face  contour  varying  from 
slightly  concave  to  slightly  convex,  while  corner  welds 


should  have  a  convex  face  to  insure  the  proper  depth  of 
throat.  Surfaces  of  the  welds  must  be  free  ot  pinholes 
and  excessive  oxidation. 

Exercises  (A26): 

1.  Name  the  ty^e  of  welding  operations  in  which  lap 
joints  are  u.  i  extensively  and  give  the  reason  for 
this? 


2.  What  will  occur  if  the  top  sheet  (lap  joint)  is  not 
melted  back  approximately  1  to  2  thicknesses? 


3.  Explain  briefly  the  edge  preparation  necessary  for 
welding  corner  joints  of  stainless  steel  using  TIG. 


4.  Describe  briefly  how  T  Mer  rod  is  added  to  a  stainless 
steel  tee  joint  using  TIG. 


6-2.  Joints  of  Aluminum  and  Magnesium 

In  this  day  and  age  when  talk  of  space  travel  is 
common,  things  developed  for  space  are  finding  their 
way  into  industry  and  civil  engineering.  More  and 
more  aluminum  and  magnesium  alloys  are  being 
installed  in  Air  Force  facilities.  In  this  situation  who  is 
granted  the  privilege  of  repairing  and  maintaining 
these  Air  Force  facilities?  That's  right,  you  and  I. 
Accordingly,  in  this  section  we  will  discuss  steps  that 
will  lead  to  successful  welding. 

A27.  Identify  welding  applications,  purposes,  and 
specifications  applicable  to  joints  of  aluminum  and 
magnesium. 

Aluminum  and  aluminum  alloys  that  can  be  welded 
by  the  TIG  welding  process  include  1 100,  3003,  3004, 
5005,  5050,  5052,  5083,  5154,  6061,  6062,  and  6063 
alloys.  Welding  work-hardened,  nonheat-treatable 
alloys  reduces  their  strength.  Heat-treated  alloys  in  the 
'as-welded  condition'  can  be  expected  to  develop  40  to 
60  percent  of  their  strength. 

Welding  Setup  and  Application.  The  weld  should  be 
supported  by  a  backup  bar  or  plate  when  possible, 
except  when  welding  is  done  from  both  sides.  The 
backup  bar  may  be  copper,  steel,  or  aluminum.  Copper 
and  steel  backups  should  be  removable.  When  an 
aluminum  backup  bar  or  plate  is  used,  it  should  be 
compatible  with  the  parent  metal.  Backup  plates  are 
recommended  to  control  weld  penetration  and  to 
permit  faster  welding  speeds.  Inert  gas  backup  can  be 
used  when  high-quality  welding  is  necessary. 
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The  metal  should  be  clamped  for  alignment  and 
spacing.  Good  joint  fit-up  makes  welding  easier. 
Adjust  the  cu-rent  setting  and  argon  flow  for  the 
thickness  of  the  metal  being  welded.  Start  the  arc  by 
bringing  the  tungsten  electrode  close  to  the  work 
surface.  The  electrode  does  not  have  to  touch  the  work 
surface,  because  the  high-frequency  current  forms  a 
path  to  the  work  plate.  Adjust  the  arc  to  the  desired 
length,  between  1/8  to  3/ 16  inch.  Hold  the  arc  at  the 
starting  point  until  the  metal  liquifies  and  a  molten 
pool  is  established.  Add  the  filler  rod  manually  to  the 
front  edge  of  the  molten  pool,  melting  a  small  amount 
and  withdrawing  the  rod.  Point  the  torch  in  the 
direction  of  travel  at  a  10°  to  20°  angle  from  the 
vertical  position.  Hold  the  filler  rod  fairly  flat  to  the 
work  surface  between  15°  to  30°  from  the  horizontal 
position.  Advance  steadily  along  the  line  of  weld, 
keeping  a  uniform  bead  with  evenly  spaced  ripples.  To 
terminate  the  weld,  depress  the  foot  switch,  keeping  the 
torch  directed  onto  the  molten  pool.  Gas  and  water  will 
continue  to  flow  for  a  few  seconds,  cooling  the  weld 
and  preventing  contamination  and  cracking  of  the 
metal.  Cracking  can  be  minimized  during  welding  by 
using  the  steps  shown  in  figure  6-4. 

Weld  Specifications.  The  weld  specifications  for 
butt  joints  are  slightly  over  100  percent  penetration, 
bead  width  of  2  to  3  T,  and  reinforcement  of 
approximately  5  to  30  percent  T.  The  weld 
specifications  for  a  tee  joint  are  penetration  from  1 5  to 
85  percent  of  T,  bead  width  2  to  3  T,  upper  and  lower 
legs  equal  to  1  Vi  T,and  face  slightly  concave  or  convex. 


Exercises  (A27): 

1.  What   produces   an   arc  without   the  electrode 
touching  the  metal? 


2.  Why  does  the  gas  continue  to  flow  for  a  few  seconds 
after  the  welding  is  completed? 


3.  What  is  the  purpose  of  a  backup  bar? 


4.  What  is  used  when  high-quality  aluminum  welding 
is  necessary? 


5.  Weld  specifications  call  for  slightly  

 percent  penetration  for  butt  joints. 


A28.  Identify  functional  procedures  and  factors 
involved  in  the  welding  of  magnesium  alloys. 

Welding  Magnesium  Alloys.  Magnesium  has  been 
largely   responsible   for   the   development    of  the 
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Figure  6-4.  Minimizing  cracking  during  welding. 
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gas-shielded  welding  process.  This  is  virtually  the  only 
process  that  can  be  successfully  used  to  weld 
magnesium.  Magnesium  alloys  can  be  welded  with 
either  AC  or  DC.  If  DC  machines  are  used,  use  reverse 
polarity  current  with  helium  gas  for  shielding.  When 
AC  machines  with  high-frequency  stabilization  are 
used,  use  argon  as  the  shielding  gas.  The  welding  itself 
will  be  perform  using  the  "inert-gas-tungsten  arc" 
process. 

Cleaning.  An  oil  coating  or  chrome  pickle  finish  is 
usually  provided  on  magnesium  alloys  for  surface 
protection  during  shipment  and  storage.  The  oil, 
together  with  other  foreign  matter  and  metal  oxides, 
must  be  removed  from  the  surface  before  welding. 
Chemical  cleaning  is  preferred,  because  it  is  faster  and 
more  uniform  in  its  action.  However,  mechanical 
cleaning  may  be  used  if  chemical  cleaning  facilities  are 
not  available.  A  final  bright  chrome  pickle  finish  is 
recommended  for  parts  that  are  to  be  arc  welded. 
Grease  should  be  removed  by  the  Vapor  degreasing 
method,  in  which  trichloroethy'^ne  is  used;  or  a  hot 
alkaline  cleaning  compound  may  be  used.  Grease  may 
also  be  removed  by  dipping  small  parts  in  drycleaning 
solvent  or  mineral  spirits  paint  thinner.  Mechanical 
cleaning  can  be  done  satisfactorily  with  160  to  240  grit 
aluminum  oxide,  abrasive  cloth,  stainless  steel  wool,  or 
by  wire  brushing.  Immediately  after  the  grease,  oil,  and 
other  foreign  materials  have  been  removed  from  the 
surface,  dip  the  metal  for  3  minutes  in  a  hot  solution  of 
the  following  composition: 

Chromic  acid    24  ounces 

Sodium  nitrate    4  ounces 

Calcium  or  magnesium  fluoride    !/8  ounces 

Water   I  gallon 

Operate  the  bath  at  the  70"*  to  90°  F.  Remove  the  work 
from  the  solution,  thoroughly  rinse  it  with  hot  water,  and 
air  dry.  Welding  rod  should  also  be  cleaned  of 
contaminating  agents,  as  oil  or  oxides. 

Joinf  preparation.  Edges  that  are  to  be  welded  must 
be  smooth  and  free  of  loose  pieces  and  contaminating 
agents,  such  as  oil  or  oxides. 

Safety  precautions.  Goggles,  gloves,  and  other 
equipment  designed  to  protect  the  eyes  and  skin  of  the 
welder  should  be  worn.  The  possibility  of  fire  caused 
by  welding  magnesium  is  very  remote,  because  the 
temperature  of  incipient  fusion  must  be  reached  before 
solid  magnesium  will  ignite,  and  sustained  burning 
occurs  only  if  this  temperature  is  maintained.  Fine 
magnesium  particles,  such  as  grinding  dust,  filings, 
shavings,  borings,  and  chips,  present  a  fire  hazard, 
since  they  ignite  readily  if  proper  precautions  are  not 
taken.  Magnesium  scrap  of  this  type  is  not  common  in 
welding  operations.  If  a  megnesium  fire  does  start,  it 
can  be  extinguished  with  dry  sand.  The  preferred 
extinguishing  agent  for  magnesium  fires  is  graphite 
base  powder. 

Welding  setup  and  application.  The  welding  setup 
and  application  for  welding  magnesium  is  the  same  as 
that  for  aluminum,  with  minor  deviations.  To  weld 


either  the  butt  joint  or  tee  joint  you  should  set  thei 
current  low  (40  to  50  amperes),  using  high-frequency 
alternating  current.  Clean  the  edges  of  the  joint, 
making  certain  that  no  loose  particles  are  on  the  edges. 
Adjust  the  gas-shielding  rate  from  6  to  12  cubic  feet  per 
hour.  It  is  advisable  to  have  backup  gas  (3  cubic  feet 
per  hour)  for  the  butt  joint.  The  torch  angle  should  be 
10°  to  25°  from  the  vertical.  The  weld  specifications  for 
magnesium  are  identical  to  those  for  aluminum. 

Exercises  (A28): 

1.  What  is  virtually  the  only  process  that  can  be 
successfully  used  to  weld  magnesium? 


2.  How  should  grease  be  removed  from  magnesium 
parts  before  welding? 


3.  What   is   the   preferred   way   to   extinguish  a 
magnesium  fire? 


4.  To  what  are  the  weld  specifications  for  magnesium 
welding  identical? 


6-3.  Titanium  and  Titanium  Alloys 

Titanium  is  produced  in  pure  form  as  well  as  in 
various  alloys.  Pure  titanium  can  be  cast,  formed, 
joined,  and  machined  with  relative  ease  as  compared  to 
the  various  alloy  grades.  Unalloyed  titanium  cannot  be 
heat  treated.  Therefore,  its  uses  are  limited  to  end  items 
not  requiring  the  higher  strengths  obtained  from  the 
heat-treatable  alloys.  Titanium  is  a  very  active  metal 
and  readily  dissolves  carbon,  oxygen,  and  nitrogen. 
For  this  reason,  heating  must  be  performed  in  a  closely 
controlled  atmosphere  to  prevent  the  absorption  of 
oxygen  and  nitrogen,  which  cause  brittleness. 

A29,  Identify  characteristics  of  titanium. 

Physical  Properties.  Titanium  in  the  commercially 
pure  form  is  silvery  gray  in  appearance,  resembling 
unpolished  stainless  steel  but  with  slightly  more  luster. 
It  is  nonferrous  and  nonmagnetic.  It  weighs  0.163 
pound  per  cubic  inch  compared  to  0.283  pound  per 
cubic  inch  for  steel.  It  grinds  very  slowly  and  gives  off 
bright  white  sparks  with  traces  ending  in  brilliant  white 
bursts.  About  90  percent  of  these  traces  terminate  in 
bushy  bursts  within  10  inches  of  the  grinding  wheel. 
The  remaining  10  percent  may  reach  a  distance  of  6 
feet,  depending  upon  the  wheel  speed  and  pressure 
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applied  against  the  wheel.  This  spark  color  and 
behavior  is  unique  and,  therefore,  reliable  as  a  quick, 
easy  shop  test.  Titanium  is  also  identified  by  the 
manufacturer's  code  and  specifications  numbers 
stamped  on  sheet,  bar,  plate,  and  tubingstock.  Aircraft 
parts  fabricated  of  titanium  are  identified  by  the  word 
"titanium"  etched  or  stamped  in  a  conspicuous  place. 

Limited  physical  properties  are  available  on 
titanium  compositions  covered  by  existing  military 
specifications.  The  meUing  point  of  titanium  is  higher 
than  that  of  any  of  the  other  construction  metals 
currently  in  use.  The  density  of  titanium  is  between 
that  of  aluminum  and  steel.  The  electrical  resistivity  of 
titanium  is  similar  to  that  of  corrosion-resistant  steel. 
I  he  modulus  of  elasticity  is  somewhat  more  than  half 
that  of  the  alloy  steels,  and  the  coefficient  of  expansion 
is  less  than  half  that  of  austenitic  stainless  steels. 

Mechanical  Properties.  As  we  pointed  out 
previously,  titanium  is  a  very  active  metal  and  readily 
dissolves  carbon,  oxygen,  and  nitrogen.  All  three 
elements  tend  to  harden  the  metal;  oxygen  and 
nitrogen  have  the  most  pronounced  effect.  The  control 
of  these  elements  causes  considerable  difficulty  in 
obtaining  correct  mechanical  properties  during 
fabrication.  This  variation  in  mechanical  properties 
causes  difficulty  in  the  fabrication  of  parts,  since  the 
absorption  of  small  amounts  of  oxygen  or  nitrogen 
makes  vast  changes  in  the  characteristics  of  this  metal 
during  welding,  heat  treating,  or  any  application  of 
heat  in  excess  of  800°  F.  Operations  involving  titanium 
requiring  the  application  of  heat  in  excess  of  800°  F. 
must  be  performed  in  a  closely  controlled  atmosphere. 

Welding  Titanium.  Titanium  can  be  welded  by  the 
open  fusion  method,  provided  that  the  molten 
titanium  can  be  protected  from  air  and  foreign 
materials.  Thus,  titanium  is  fusion  welded  by  inert 
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gas-shicldcd  arc  welding,  which  includes  both  the 
nonconsiimable  (TIG)  and  consumable  (MIG) 
electrode  processes.  Welding  titanium  by  either 
process  requires  a  sufficient  quantity  of  argon  or 
helium,  or  a  50/50  mixture  of  both,  to  shield  the  weld 
zone.  Figure  6-5  illustrates  the  use  of  baffles  to  help 
shield  the  face  of  the  weld  by  retaining  the  inert 
atmosphere  in  a  smaller  area.  A  better  protection  for 
the  weld  is  using  backing  fixtures  as  shown  in  figure 
6-6.  However,  under  ideal  conditions,  the  welding 
should  take  place  in  an  inert  gas  chamber  fitted  with 
observation  windows,  and  the  welder  should  wear 
shoulder  length  rubber  access  gloves.  The  gas  chamber 
can  be  constructed  of  ordinary  steel. 

A  satisfactorily  protected  weld  has  a  bright  silver 
color.  Any  sign  of  brown  or  powdery  gray  scale 
indicates  insufficient  shielding  and  must  be  corrected 
immediately. 

Exercises  (A29): 

1.  Briefly  describe  the  appearance  of  titanium. 


2.  The  electrical  resistivity  of  titanium  is  similar  to  that 
of  what  other  metal? 


3.  Name  the  elements  that  tend  to  harden  titanium. 


4.  What  indicates  sufficient  shielding  when  welding 
titanium? 


6-4.  Welding  Super  Alloys 

Most  of  the  metals  being  used  in  the  fabrication  of 
the  latest  jet  engines  are  made  from  various 
compositions  of  metals  and  are  known  as  super  alloys. 
They  may  be  divided  into  these  three  groups:  (1)  iron 
base,  (2)  nickel  base,  and  (3)  cobalt  base. 


A30.  Identify  characteristics  of  iron  base,  nickel, 
bcse>  and  cobalt  base  super  alloys. 

Iron  Ease  Group,  The  iron  base  metals  are  able  to 
withstand  more  than  10,000  pounds  per  scjuare  inch  of 
stress  (rupture)  for  100  hours  at  temperatures  from 
1200°  to  2000°  F.  They  are  able  to  retain  their  strength 
at  temperatures  up  to  1400°  F.  The  alloys  which  have 
the  highest  stress  rupture  strength  at  high  temperatures 
are  generally  vacuum  melted  to  improve  their  ductility 
and  fabrication. 


Alloy  A'  286.  A  286  is  one  of  the  iron  base  metals 
nhich  includes  tlic  iron-chromium-nickrl  austtMiitic 
stainless  steels  that  are  work  hardcnable.  This  super 
alloy  is  austenitic  and  nonmagnetic  and  develops 
hardness  by  titanium  (1.95  percent)  precipitation. 
Molybdenum  (1.25  percent)  also  produces  a  hardening 
effect.  A-286  may  be  received  in  both  the  solution 
condition,  which  is  used  in  the  fabrication  of  parts,  and 
in  a  solution-treated  aged  condition.  The  metal  in  the 
solution  condition  can  be  Ibrmed,  pressed,  machined, 
or  welded  into  various  shapes  or  parts.  After  a  part  has 
been  welded,  it  must  be  stress  relieved  by  heating 
slowly  to  1650°  F.  for  1  hour,  followed  by  air  cooling. 

The  chemical  composition  of  A-286  follows: 

Carbon  (C)    percent  max 

Manganese  (Mn)    1 .00  to  2.00  percent 

Silicon  (Si)    0.40  to  1.00  percent 

Chromium  (Cr)    13.^^0  to  16.00  percent 

Nickel  (Ni)    24.(K)  to  27.00  percent 

Molybdenum  (Mo)    I  00  to  1.50  percent 

Iron  (h'c)    Balance 

Titanium  (  H)    1 .90  to  2.15  percent 

Vanadium  (V)    0.10  to  0.50  percent 

Aluminum  (Al)    0.35  percent  m:» 

Sulfur  (S)    0.40  percent  n  . 

Phosphorus  (P)    o.40  percent  max 

Boron  (B)   0010  to  O.OlO  percent 


Chromoloy.  Chromoloy  is  a  new  steel  alloy  which  is 
manufactured  by  the  electric  furnace  process.  It  must 
be  free  from  all  defects,  such  as  laps,  seams,  scale, 
porosity,  cracks,  hard  spots,  excessive  nonmetallic 
inclusions,  and  segregations.  This  alloy  meets  the 
medium-high  temperature  service  requirements  for  jet 
engine  turbine  sections.  This  metal  is  processed  in  the 
annealed  condition;  and  after  a  part  has  been 
fabricated  by  welding,  it  isnoimalized  at  1725°  F.  for  2 
hours  and  then  air  cooled.  This  produces  a  hardness  of 
approximately  RC36-40.  !f  it  is  tempered  at  1200°  F. 
for  2  hours  and  air  cooled,  the  minimum  hardness 
should  be  approximately  RC30.  Sincechromology  isa 
new  alloy,  you  should  become  familiar  with  its  pro- 
perties and  characteristics,  and  the  welding  procedures 
used  to  repair  it.  The  technique  used  to  weld 
chromoloy  should  present  no  problem  for  the  skilled 
welder.  Chromoloy  is  one  of  the  easiest  of  the  new 
alloys  to  weld. 

The  chemical  composition  of  chromoloy  follows: 

Carbon  (C)   18  to  .23  percent 

Manganese  (Mn)   04  t(5  60  percent 

Silicon  (Si)    o^  to  .90  percent 

Phosphorus  (P)   ()40  percent  max 

Iron  (Fe)    Balance 

Sulfur  (S)  040  percent  ma.x 

Chromium  (Cr)   sO  to  1.20  percent 

Molybdenum  (Mo)    SO  to  1.20  percent 

N  .tnadium  (V)   ()8  to  .15  percent 


Nickel  Base  Group,  Nickel  base  alloys  have  attained 
wide  acceptance  in  aircrait  application,  largely  as  a 
result  of  their  suitability  at  temperatures  above  UOO"" 
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F.  In  general,  the  nickel  base  alloys  arc  intended  lor  use 
in  a  temperature  range  '  1400°  to  1800°  F.  The  alloys 
contain  50  to  70  percent  nickel,  about  20  percent 
carbon,  up  to  10  percent  molybdenum,  up  to  20 
percent  cobalt,  and  small  amounts  of  titanium  and 
aluminum.  The  alloys  containing  titanium  and 
aluminum  arc  hardened  by  a  single  or  double  aging 
treatment  after  being  cooled  from  a  temperature  range 
of  1950°  to  2150°  F. 

Rene  41.  Rene  41is  a  vacuum-melted  precipitation 
hardening  nickel  base  alloy  designed  for  highly 
stressed  parts  operating  between  1200°  and  1800°  F. 
Its  applications  include  afterburner  parts,  turbine 
casings,  wheels,  buckets,  and  high-temperature  bolts 
and  fasteners.  Rene  41  is  available  m  sheet,  bar.  and 
forcings.  It  work  hardens  very  rapidly,  and  tVcqucnt 
anneals  are  required;  to  anneal,  heat  it  rapidly  to  1 950° 
F.,  soak  it  for  30  minutes,  then  and  quench  it.  Rene  41 
can  be  satisfactorily  welded  in  the  solution-treated 
condition.  After  welding,  the  parts  should  be  solution 
treated  for  stress  relief. 

Hastelloy-X.  Hastelloy-X  is  a  nickel  base  alloy  used 
for  burner  liner  parts,  turbine  exhaust  weldments. 
afterburner  parts,  and  other  parts  requiring  oxidation 
resistance  and  moderately  high  strength  above  1450° 
F.  It  is  used  in  the  solution  treated  (annealed) 
condition.  Hastelloy-X  is  available  in  all  of  the  usual 
mill  forms.  It  is  somewhat  hard  to  forge;  forging 
should  be  started  at  21 50°  to  2200°  F.  and  continued  as 
long  as  the  metal  flows  freely.  It  should  be  in  the 
annealed  condition  for  optimum  cold  forming,  and 
severely  formed  detail  parts  should  be  solution  treated 
at  2150°  F.  For  7  to  10  minutes  and  cooled  rapidly  after 
forming.  Hastelloy-X  can  be  resistance  or  fusion 
welded  or  brazed.  Large  or  complex  fusion  ^^•eldnlcnt  ^ 
require  stress  relieving  at  1600°  F.  for  1  hour. 

Cobalt  Base  Alloys.  The  cobalt  base  alloys  are 
designed  for  use  for  moderately  and  highly  stressed 
parts  operating  between  1000°  ai.d  1900°  F. 

N'I55  alloy.  N-155  alloy,  also  known  as  fnultihnet,  is 
designed  for  applications  involving  high  stress  up  to 
1500°  F.  It  has  good  oxidation  properties  and  good 
ductility  and  can  be  fabricated  readily  by  conventional 
methods.  This  alloy  has  been  used  in  aircraft 
applications,  including  afterburner  parts,  combustion 
chambers,  exhaust  assemblies,  turbine  parts,  and 
bolts,  it  is  easily  cold  formed  by  conventional  methods; 
intermediate  anneals  may  be  required  to  restore  its 
ductility.  This  alloy  is  machinable  in  all  conditions. 
Low  cutting  speeds  and  ample  flow  of  coolant  are 
required.  The  weldability  of  N-155  is  comparable  to 
that  of  austenitic  stainless  steels. 

N-155  alloy  has  the  following  composition: 

Chromium  (Cr)    20.0  to  22.5  percent 

Nickel  (Ni)    19.0  to  21.0  percent 

Molybdenum  (Mo)    2.5  to  .^.5  percent 

Cobalt  (Co)    18.5  to  21.0  percent 

Iron  (Fc)    Balance 

L'605  alloy.  L-605  alloy,  also  known  as  Haynes 
alloy-25  and  crucible  alloy  WF-I I,  is  a  corrosion-  and 


heat-resistant  cobalt  base  alloy  used  lor  moderately 
stressed  parts  operating  between  1000^*  and  1900"^'  V. 
Its  applications  include  gas  turbine  blades  and  rotors* 
combustion  chambers,  and  afterburner  parts.  L-605  is 
not  bar  ienable.  except  by  cold  working,  and  is  usually 
used  in  the  annealed  condition.  It  is  available  in  all  of 
the  usual  mill  forms.  In  the  annealed  condition,  it  has 
CACclicnt  formability  at  room  temperature;  severely 
formed  parts  should  be  annealed  at  2225°  F.  For  7  to 
10  minutes.  It  is  difficult  to  machine.  Its  toughness  and 
capacity  for  work  hardening  necessitate  the  use  of 
sharp  tools  and  low  cutting  speeds;  high-speed  steel  or 
carbide  cutting  tools  are  recommended.  L-605  can  be 
fusion  or  resistance  welded  or  bra/cd;  large  or  complex 
fusion  wcldnicnls  should  be  stress  relieved  at  nOO""  F. 
for  2  hours. 

The  composition  of  L-605  is  as  follows: 

Chromium  (Cr)    19.00  to  2K(K)  percent 

Manganese  (Mn)    1.00  to  2.00  percent 

WVlfram  (tungsten)  (W)   13.50  to  Ui.OO  percent 

Silicon  (Si)    1. 00  percent  max 

Sulfur  (S)   03  percent  max 

Nickel  (N)    9,00  to  I  I.O  percent 

Iron  (Fe)    2.00  percent  max 

Cobalt  (Co)    Balance 


Exercises  (A30): 

Indicate  in  the  blank  spaces  provided  before  each  of 
the  follow  statements  whether  it  is  true  or  false. 


1. 


The  iron  base  metals  arc  able  to  retain  their 
strength  at  temperatures  up  to  1700°  F. 
A-286  is  austenitic  and  nonmagnetic,  and 
develops  hardness  by  titanium  (1.95  percent) 
precipitation. 

Chromoloy  is  one  of  the  most  difficult  of  the 
new  alloys  to  weld. 

Nickel  base  alloys  contain  a  greater  percentage 
of  molybdenum  than  of  carbon. 

 5.  The  cobalt  base  alloys  are  designed  for  use  for 

moderately  and  highly  stressed  parts  operating 
up  to  1000°  F. 

N-155  alloy  is  not  machinable. 
L-605  alloy  is  not  hardenable  except  by  cold 
working  and  is  generally  used  in  the  annealed 
condition. 


2. 


3. 


4. 


6. 
7. 


8.  Provide  the  missing  word  or  words  for  each  of  the 
following  statements  about  super  ixUoys: 


a.  Molybdemum  ( 


percent)  produces  an 


effect  in  alloy  A-28G. 

b.  Chromoloy    is   processed   in  the   

condition;  and  after  a  part  has  been  fabricated  by 

welding;  it  is  normaliixd  at  ^°  F.  tor  2  hours 

and  air  cooled. 

c.  To    anneal    Rene    41,    heat    it    rapidly  to 
 °    F.soak   it  for  


minutes,  and  quench  it. 
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d.  Also  known  as   ,  N-155  alloy  is 

designed  for  applications  involving  high  stress 
up  to  ^  F. 

c.  L-6()5    alloy    is   also   known  as   

 and  is    to 

machine.  (One  of  ihe  two  answers,  iiot  both, 
follow  ''known  as/*) 

A31.  State  procedures  and  operational  features 
related  to  welding  the  super  alloys  A-2H6  and 
chromology. 

Welding  A-286  Alloy.  This  alloy  is  somewhat  hard 
to  weld  correctly  until  you  master  the  techniques.  The 
weld  requirements  of  this  metal  are  very  critical. 
Tungsten-inert  gas,  metal  arc  welding  is  a  good  fusion 
wel^hi  Process  for  repairing  and  welding  this  alloy. 
Argon  gas  shielding  is  desirable  for  welding  light  gage 
metal.  Use  helium  on  the  heavier  metal  thicknesses. 
The  welding  of  this  alloy  requires  more  care  than  does 
the  welding  of  stainless  steel,  because  there  is  greater 
danger  of  cracking  if  the  weld  burns  through.  The 
proper  use  of  either  r  shielding  gas  or  copper  backup 
block  is  necessary  to  eliminate  the  causes  of  weld 
cracking.  For  most  inert-gas,  metal  arc  welding 
operations,  argon  is  cheaper  to  use  than  helium, 
because  less  of  it  is  used. 

Welding  equipment  and  materials.  The  following 
Information  about  equipment  and  material  will  help 
you  to  produce  quality  welds<  The  welding  machine 
should  be  an  AC-DC  rectifier  type  with  a  foot  control 
rheostat.  Use  a  lightweight  inert-gas  welding  torch 
with  a  2-percent  thoriated  tungsten  electrode.  For 
metal  thickness  up  to  .090,  use  argon  for  the  shielding 
gas;  use  helium  gas  for  metals  over  .090  thick.  Welding 
lens  number  8  or  10  can  be  used.  Do  not  use  lenses  over 
10  for  welding  A-286  alloy.  Wear  lightweight  leather 
gloves  to  avoid  burns.  The  filler  material  should  be 
Hastelloy-W  or  A-286  sheared  stock. 

Welding  requirements.  To  produce  sound  welds  that 
meet  full  strength  requirements,  you  must  maintain  the 
proper  penetration  and  reinforcement  of  the  base 
metal.  There  is  great  danger  that  the  weld  will  crack  if 
shielding  do^,5  not  protect  the  weld  before 
solidification.  When  the  weld  burns  through  the  metal, 
the  part  must  be  rejected.  The  weld  specifications  for 
the  butt,  lap,  and  tee  joints  follows: 

•  Butt  joint— 100   percent   penetration   and  50 
percent  reinforcement. 

•  Lap  joint— fused  into  the  root  of  the  weld  and  35 
to  65  percent  penetration  into  each  sheet. 

•  Tee  joint— fused  into  the  root  of  the  weld  and  35 
to  65  percent  penetration  into  each  sheet. 

Weld  preparation  and  applications.  The  welding 
machine  should  be  set  for  DC  straight  polarity  and  the 
current  adjusted  for  the  thickness  of  the  material  to  be 
welded.  All  sharp  edges  and  burrs  should  be  removed 


and  the  weld  area  cleaned,  using  stainless  steel  brush  or 
wool.  It  emery  cloth  is  used,  remove  the  dust  before 
welding.  To  avoid  distortion,  use  copper  or  argon 
backup  shields  whenever  possible.  The  spacing  of  the 
joint  should  be  .020  inch.  Use  3  cubic  fCvi  per  hour  of 
backup  gas  and  12  cubic  feet  per  hour  of  shielding  gas. 
Grind  a  needle  point  on  the  electrode  and  extend  it 
approximately  3/ 16  to  1/4  inch  beyond  the  gas  cup. 
The  torch  angle  should  be  slanted  no  more  than  25° 
from  vertical.  Sheets  heavier  than  .060  inch  should 
have  the  edges  beveled  to  50  percent  of  T.  The  width  of 
the  bead  for  butt  joints  should  be  approximately  3  to  4 
T.  Leg  lengths  for  fillet  welds  should  be  Wi  T. 

V^clding  Chromology.  The  welding  equipment, 
welding  requirements,  and  welding  preparation  are  the 
same  as  those  for  welding  A-286;  however,  the  welding 
current  may  be  set  slightly  higher  (45  to  55  amperes),: 
and  the  filler  metal  should  be  copper-coated 
chromoloy  filler  wire  or  sheared  stock  from  chromoloy 
sheet.  After  the  completion  of  a  weld  on  a  chromoloy 
part,  stress  relieve  the  area  immediately,  since  its 
temperature  is  approximately  at  the  preheat 
temperature.  Use  an  oxyacetylene  torch  with  a  slightly 
reducing  flame.  The  size  of  the  tip  should  be 
approximately  number  4,  depending  upon  the  type. 
The  oxygen  and  acetylene  pressure  should  be  6  psi.  As 
a  result  of  stress  relieving  the  weld  area,  the  parent 
metal  and  weld  area  will  regain  most  of  the  original 
strength.  The  strength  of  the  repair  will  depend  upon 
the  proper  control  of  heating  time  and  temperature. 

The  maximum  linear  distance  of  individual  localized 
heating  should  not  exceed  2  inches  at  a  time.  The  initial 
heating  should  be  controlled  in  such  a  manner  that  the 
weld  and  the  weld-affected  zones  in  both  members 
joined  by  the  weld  are  raised  uniformly  to  the 
stress-relieving  temperature.  Heating  should  be 
intermittent  to  bring  thee  temperature  slowly  to  1200^ 
F.  in  1  minute.  Use  a  stopwatch  to  check  the  time.  Use 
tempilstiks  of  1150*=',  1200^,  and  1250°  F.  to  determine 
the  temperature  of  the  metal  during  stress  relieving. 
Maintain  a  temperature  between  1 1 50''  and  1 250"  for  5 
minutes,  controlling  the  time  with  a  stopwatch.  Time 
begins  when  the  repair  weld  area  and  heat-affected 
zones  have  reached  1200"  F.  Remove  heat  after  5 
minutes  and  permit  the  heated  area  to  cool  down  to 
room  temperature.  Remove  the  scale  and  tempilstik 
residue  from  the  stress-relieved  area,  using  a  wire  brush 
of  the  stainless  steel  type.  Inspect  the  lepaired  area, 
using  the  dye  penetrant  method. 


Exercises  (A31): 

1.  What  is  needed  to  eliminate  the  causes  of  weld 
cracking? 
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2.  What  type  ofwelding  machine  is  used  to  weld  A-286       4.  What  are  the  weld  specifications  for  a  la ;    lint  of 
alloy?  --286  alloy? 


When  welding  chromology,  what  shade  ofwelding  5.  What  should  be  done  upon  completing  the  welding 
lens  can  be  used?  of  a  chromoloy  part? 
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CHAPTER  7 


Pipe  Welding 


IN  THIS  CHAPTER,  we  will  discuss  the  laying  out, 
preparing,  and  welding  of  carbon  steel,  stainless  steel, 
and  aluminum  alloy  pipe.  Pipe  is  used  for  many  types 
of  construction  jobs,  such  as  frames,  platforms,  jigs, 
and  fuel  and  oil  lines.  Missile  weapon  systems  use  a 
particular  kind  of  pipe  for  liquid  oxygen  facilities.  The 
advantages  of  arc  welding  pipe  include  permanently 
tight  connections,  great  strength  and  rigidity,  less 
resistance  to  flow  by  eliminating  projections  inside  the 
pipe,  and  easier  and  cheaper  construction  without  the 
use  of  mechanical  attachments  or  fittings.  A  high 
degree  of  skill  and  dexterity  is  required  to  weld  pipe  in 
all  postions. 


7-1.  Welding  Carbon  Steel  Pipe 

Pipe  to  be  welded  is  usually  supplied  with  a  single 
V-bevel  of  321^2°  with  a  1/16-inch-root  face  for  pipe 
thickness  up  to  3/4  inch.  A  single  U-groove  is  used  for 
heavier  pipe.  If  the  pipe  has  not  been  properly  beveled 
and  prepared  or  if  it  has  been  cut  in  the  field,  it  must  be 
beveled  and  prepared  before  welding. 

A32.  Identify  joint  and  backing  ring  types  and 
functional  factors  involved  in  welding  butt  joints  of 
carbon  steel  pipe. 

Butt  Joint.  The  most  common  type  of  joint  used  in 
the  fabrication  of  welding  pipe  systems  is  the  butt  joint. 
It  is  the  most  satisfactory  from  the  standpoint  of  stress 
distribution.  When  the  wall  thickness  of  the  pipe  is  3/16 
inch  or  greater,  the  ends  of  the  pipe  are  beveled  to  an 
angle  of  20°  to  37!/2°  to  within  1  /  16  inch  of  the  inside 
wall  of  the  pipe,  as  shown  in  figure  7-1 

>yhen  you  join  pipe  of  large  diameter  that  will  be 
subjected  to  severe  service  conditions,  use  a  backing 
ring.  A  backing  ring  is  a  ring-shaped  metal  strap  which 
is  fitted  on  the  inside  surface  of  the  pipe  at  the  joint 
before  welding.  It  helps  in  securing  complete 
penetration  of  the  deposited  weld  metal  to  the  inside 
surface  of  the  pipe  without  burn  through.  The  backing 
ring  prevents  globules  of  splattered  weld  metal  and  slag 
from  entering  the  pipe.  You  can  use  it  to  assist  in 
aligning  the  pipe  ends.  There  are  several  types  of 
backing  rings:  the  plain  flat  strip  rolled  to  fit  the  inside 
of  the  joint,  the  forged  or  pressed  type  (with  or  without 
projections),  the  circumferential  rib  which  spaces  the 
pipe  ends  to  the  proper  distance  apart,  and  the 
machined  ring.  All  shapes  of  backing  rings  may  be  of 
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the  continuous  or  split  type.  Several  kinds  of  backing 
rings  are  illustrated  in  figure  7-2.  These  rings  should  be 
made  from  metal  that  is  readily  weldable.  Those  used 
in  welding  steel  pipe  are  usually  of  low  carbon  steel. 

Edge  preparation.  Use  the  oxyacetylene  cutting 
torch  to  bevel  heavy  walled  pipe  and  the  pedestal 
grinder  for  thin  walled  (up  to  3/16  inch)  pipe.  After 
beveling,  remove  all  rust,  dirt,  scale,  or  other  foreign 
matter  from  the  outside  of  the  pipe  in  the  vicinity  of  the 
weld  with  a  file,  wire  brush,  grinding  disc,  or  other  type 
of  abrasive.  If  the  bevels  are  made  by  oxyacetylene 
cutting,  the  oxide  formed  must  be  entirely  removed. 
The  inside  of  the  pipe  in  the  vicinity  of  the  weld  maybe 
cleaned  by  sandblasting,  by  tapping  with  a  hammer, 
with  an  airblast  followup,  or  by  any  other  suitable 
niethod,  depending  upon  the  inside  diameter  of  the 
pipe.  The  scarf  faces  should  be  thoroughly  cleaned. 

Welding  setup.  Before  welding,  align  the  pipe 
carefully.  A  pipe  lineup  clamp,  used  to  align  and 
securely  hold  the  pipe  ends  for  tack  welding,  and  a 
spacing  tool  made  from  an  automobile  spring  are 
shown  in  figure  7--3.  The  spacing  will  depend  upon  the 
side  of  the  electrode  used  for  the  root  pass.  If  a  lineup 
clamp  is  not  available,  set  the  pipe  sections  in  a  jig  so 
that  their  centerlines  coincide  and  the  spacing  of  the 
pipe  ends  are  uniform  before  tack  welding.  An  angle 
iron,  figure  7-4,  will  serve  as  a  jig  for  small  diameter 
pipe,  while  a  section  of  channel  or  Nbeam  is 
satisfactory  for  larger  pipe. 

When  you  weld  to  a  backing  ring,  the  spacing  should 
not  be  less  than  the  diameter  of  the  electrode  used  for 
the  root  pass.  When  you  do  not  weld  to  a  backing  ring, 
the  spacing  should  be  3/32  inch  maximum,  but  it  varies 
from  this  maximum  to  zero,  as  figure  7-5  shows, 
depending  upon  whether  a  small  or  large  angle  of  bevel 
is  used.  When  you  have  properly  aligned  the  pipe  ends, 
make  four  tack  welds,  one-half  the  thickness  of  the 
pipe  and  equally  spaced  around  the  pipe.  The  tack 
welds  must  be  strong  enough  to  maintain  the  joint 
alignment  and  to  permit  the  removal  of  any  external 
fastenings  that  were  used  to  maintain  alignment.  Tack 
welding  permits  handling  the  pipe  after  setting  it  up  and 
before  welding. 

Welding  procedure.  Pipe  and  other  circular  shapes 
involve  no  new  welding  principles.  The  main  difference 
between  welding  straight  joints  and  pipe  joints  is  that 
the  position  of  the  work  or  the  welder  must  change 
constantly  because  of  the  circular  shape  of  the  work. 
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THICKNESS  (T)  1 
GREATER  THAN  3/4-INCH 


37  UTT 


THICKNESS  (t)  ^'^^^ 
3/16-INCH  TO  3/4-INCH 

53.898 

Figure  7-1.  Forms  of  bevels  for  butt  welded  joints. 


There  is  no  definite  direction  specified  for  welding 
pipe  in  a  fixed  horizontal  position.  In  metal  arc 
welding,  the  preferred  direction  of  travel  is  from  the 
bottom  upward  (the  forehand  method);  however,  the 
direction  in  some  welding,  especially  that  of  pipe  of 
thin  or  medium  wall  thickness,  is  downward  (the 
backhand  method).  More  metal  is  deposited  in  welding 
upward,  and  complete  grain  refinemen'  easier  to 
achieve.  Downward  welding  requires  a  higher  degree 


of  manual  skill  to  secure  adequate  fusion  with  the  walls 
and  to  avoid  trapping  slag. 

The  number  of  passes  required  for  making  a  pipe 
weld  varies  with  the  wall  thickness  of  the  pipe,  the 
welding  position,  the  size  of  the  electrode,  and  the 
welding  current. In  general,  however,  it  is  one  pass  for 
each  1  /8  inch  of  pipe  thickness.  When  you  are  welding 
in  the  horizontal  or  rolled  position,  the  number  of 
layers  is  usually  increased  25  to  30  percent,  and  smaller 
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NOTE:  ALL  DIMENSIONS  SHOWN  ARE  IN  INCHES 

Figure  1-1.  Types  of  backing  rings.  53.8  99 

61 

62^ 


53-900 

igure  7  3.  Pipe  lineup  clamp  and  spaLin>:  tmil. 


clcctiodcs  arc  used  to  lessen  the  heat  concentration  and 
to  insure  complete  grain  rctinement  of  the  weld  metal. 
The  si/es  of  the  electrodes  are  from  1/8  to  5/32  inch 
diameter  for  the  first  pass,  5/32  inch  diameter  for  the 
intern)ediate  passes,  and  up  to  1/4  inch  for  the  top 
passes  and  reinforcement.  Deposit  a  layer  of  metal 
across  the  full  width  of  the  weldinggroove  duringeach 
pass. 

When  the  pipe  is  in  a  fixed  vertical  position,  deposit 
tlic  filler  metal  in  a  scries  of  overlapping  string  beads, 
using  1  /8  inch  (maximum)  electrodes,  and  allowing  25 
to  30  beads  per  square  inch  of  weld  area.  Clean  each 
layer  of  deposited  weld  metal  before  depositing  the 
following  layers.  Chip  with  a  slag  hammer  and  wire 
brush  to  remove  the  slag  deposited  by  coated 
electrodes.  When  you  repair  a  weld,  you  should  first 
remove  the  defect  by  chipping,  machining,  tlame 
gouging,  or  flame  cutting.  After  removing  the  delect, 
shape  and  clean  the  surfaces  upon  which  the  repair 
weld  is  to  be  made. 


TACK  WELD 


ANGLE  IRON 


SUPPORT  BLOCK 

53.901 

I'igiire  7  4.  Angle  iron  pipe  uekling  jib. 


Exercises  (A32): 

I.  What  is  the  most  common  type  of  joint  u.sed  in  the 
fabrication  of  welded  pipe  systems? 


2.  Indicate  briefly  the  functions  or  uses  of  backing 
rings. 


MAX 


F'iyurc  7  5.  Hutt  weld  in  pipe. 
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LINE    CC    ;^EPR£&ENTS    CIRCUMFERENCE    OF  CIRCLE 

Figure  7  (\  Pattern  fcr  a  90°  bend. 
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3.  Name  four  types  of  backing  rings  used  in  the 
fabrication  of  welded  pipe  systems. 


4.  What  is  used  to  beve!  heavy  walied  pipe  before 
welding? 


5.  When  you  weld  to  a  backing  ring,  what  should  the 
spacing  be? 


6.  How  many  passes  are  required  when  making  a  pipe 
weld? 


A33.  State  procedures,  for  welding  pipe  joints  and 
other  butt  joints. 

Joining  pipe  when  one  member  forms  an  angle  with 
another  presents  the  problem  of  preparing  one  pipe  to 


Figure  7  7.  Layout  plan  view. 
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fit  the  other,  or  preparing  both  to  fit  each  other. 
Remember  the  sheet  metal  patterns  you  made  way 
back  in  an  earlier  volume?  Well  now  we  will  do  it  again, 
only  this  time  we  will  use  pattern  only  to  mark  the  pipe. 
The  rest  of  the  work  will  be  with  the  pipe  sections. 
Remember  a  good  fit-up  is  a  must,  and  the  only  wny  to 
get  a  good  fit-up  is  to  make  an  accurate  pattern.  If  you 
need  a  slight  refresher  course,  look  back  to  the  layout 
section. 

90°  Bend.  Inpreparingtolay  out  apatterr.  fora90^ 
bend,  as  shown  in  figure  7-6,  first  determine  the  size  of 
the  pipe  and  then  proceed  to  lay  out  the  pipe  joint  in 
actual  size.  Use  the  outside  lines  of  the  pipe  to  represent 
the  outside  diameter,  as  shown  in  figure  7-7.  Next, 
inscribe  a  circle  and  divide  it  into  12  equal  parts, 
numbering  them  beginning  with  zero.  Extend  these 
points  over  to  line  AA  and  number  the  intersections,  as 
shown  in  figure  7-8.  Draw  the  line  BB  at  a  right  angle 
to  the  pipe,  starting  it  3  inches  from  the  corner  pipe. 
This  completes  the  preliminary  details  before  the 
actual  pattern  is  made. 

Now,  lay  the  stretch  out,  line  CC,  which  represents 
thee  circumference  of  the  circle,  as  shown  in  figure  7-6. 
Divide  this  line  into  as  many  equal  parts  as  the  circle 
was  divided  into,  and  number  them,  beginning  at  the 
left  with  zero.  Construct  perpendiculars  at  these 
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Figure  7-8.  Layout  of  the  true  length  lines. 
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Figure  7-9.  Layout  pattern  for  a  tec. 
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Figure  7  II.  Standard  vce  joint. 


points.  Next  set  off  the  true  lengths  and  connect  these 
points,  forming  the  curved  line  A'Asl.  Check  to  insure 
accuracy  and  cut  out  the  pattern. 

The  pattern  is  then  wrapped  around  the  pipe  in  the 
desired  position  and  marked  on  the  pipe  v/ith 
soapstone  following  the  line  A'A\  This  is  the  cutting 
edge.  Cutting  two  pieces  of  pipe  on  line  A'A'and 
butting  them  together  results  in  a  90°  bend  which 
should  require  no  trimming  other  than  beveling  of  the 
edges. 

Tee  and  Elbow.  If  a  pattern  must  be  made  for  a  pipe 
tee,  the  joint  would  be  laid  out  as  shown  in  figure  7-9. 
The  same  procedure,  as  outlined  for  a  sheet  metal  pipe 
can  be  applied  The  patterns  would  then  be  wrapped 
around  the  pipes,  marked,  and  cut  to  form  the  tee  joint. 

After  the  branch  line  is  cut,  it  is  placed  in  position  on 
the  header.  The  header  is  then  marked  and  cut. 

To  fabricate  a  multigore  elbow,  follow  the 
procedure  for  a  90°  elbow.  Be  careful  of  the  22'/2°! 
Why?  Because  the  angle  of  the  miter  line,  as  shown  in 
figure  7-10,  will  change  with  the  number  of  gores  in  the 
elbow. 

Welding  Procedures.  After  the  pipe  has  been  laid  out 
and  cut,  you  are  almost  ready  to  weld.  First,  you  must 
clean  the  edge  thoroughly  and  remove  all  burrs.  All 
metal  that  s  to  be  fused  during  welding  must  be 
absolutely  clean.  Avoid  sharp  corners  or  sudden 
changes  in  size  or  contour,  since  they  might  lead  to 
concentrations  of  stress.  Maintain  joint  alignment  by 
the  use  of  jigs  and  fixtures  or  by  adequate  tack  welds. 
When  tack  welds  are  used  for  alignment  and  holding, 
they  should  be  of  sufficient  size  to  support  the  joint 
throughout  the  welding  operation.  The  spacing 
between  the  parts  to  be  joined  should  be  carefully 
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Figure  7-12.  Sharp  vce  joint. 
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Figure  7  13.  l]-j»roovcd  joint. 


considered.  The  edges  should  fit  snugly.  The  root 
opening  between  the  welding  edges  for  a  given  wall 
thickness  of  pipe  must  permit  the  gap  to  be  bridged 
without  difficulty. 

Welding  application.  The  welding  application  for 
this  joint  is  similar  to  that  for  the  lap  joint.  When 
welding  joints  of  unequal  thickness,  direct  the  arc  in 
such  a  manner  that  both  pipes  being  welded  are  heated 
to  the  same  temperature.  When  joints  require 
multilayer  welding,  stagger  the  starting  and  stopping 
points  of  successive  passes.  Each  layer  should  be  not 
more  than  1/8  inch  thick;  deposit  the  several  layers  in 
succession,  completing  and  cleaning  each  layer  before 
starting  the  next. 

Weld  specifications.  All  fillet  welds  on  pipes  should 
have  leg  dimensions  not  less  than  1.8  times  the  wall 
thickness  of  tlie  lighter  of  the  two  pipes  being  welded. 
Penetration  at  the  root  of  the  weld  should  be  15  to  85 
percent  of  the  wall  thickness. 


Exercises  (A33): 

1.  What  is  the  first  step  to  a  good  fit-up? 
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Figure  7-14.  Consumable  insert  joint. 
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Figure  7  15.  Rolled  edge  joint. 

2.  Once  the  pipe  has  been  laid  out  and  cut,  what  must 
be  done  before  welding  is  begun? 


3.  How  is  the  alignment  of  pipe  joints  maintained? 


7-2.  Welding  Stainless  Steel  Pipe 

Metallic  arc  welding  can  be  used  for  stainless  steel 
pipe,  but  inert-gas-shielded  welding  has  been  found  to 
be  the  best  method.  High  quality  welds  with  uniform 
penetration  are  made  at  a  lower  cost  than  arc  welds 
made  with  either  oxyacetylene  or  metallic  arc  welding. 

A34.  Concerning  pipe  welding,  state  how  best  to  weld 
stainless  steel  pipe,  why  pipe  weld  joints  need 
thorough  cleaning  after  tack  welding,  and  the  most 
common  types  of  pipe  welding  joints. 

Pipe  welding  isn't  done  in  only  one  position,  but 
rather  in  a  combination  of  all  positions  because  of  the 
constant  change  due  to  the  circular  form  of  the  pipe. 
However,  the  pipe  itself  can  be  fixed  in  either  a  vertical 
or  an  overhead  position.  The  preparation  for  each 
position  is  the  same. 

Joint  Designs.  Five  joint  designs  have  been 
developed  for  pipe  welding  using  the  heliarc  process. 
These  joints  are  satisfactory  for  welding  rolled  pipe,  as 
well  as  for  welding  pipe  in  fixed  positions.  All  pipe  with 
a  wall  thickness  greater  than  approximately  1  /8  inch 
should  be  beveled  for  heliarc  welding.  Wall  thickness 
less  than  1/8  inch  may  be  beveled  if  the  filler  rod  is 
used. 

The  vee  groove  joint  illustrated  in  figure  7>II  has 
been  widely  accepted  as  a  standard  joint  design  for  pipe 
welding.  The  standard  vee  joint  may  be  butted  together 
and  welded  without  filler  rod  on  the  root  pass. 
However,  for  higher  quality  welds,  filler  rod  is 
required. 

The  vee  joint  illustrated  in  figure  7-12  is  called  a 
sharp  vee  joint  to  distinguish  it  from  the  standard  vee. 


The  sharp  vcc  joint  is  adaptable  to  field  erection  of 
pipe. 

The  joint  illustrated  in  ligure  7-13  is  recommended 
when  more  uniform  welds  and  higher  weld  quality  are 
required  than  could  be  obtained  with  the  vee  groove 
joint.  Penetration  is  uniform  with  this  design,  and  weld 
"sink       in  the  vertical  position  is  minimized. 

Consumable  inserts  are  available  and  will  produce 
the  highest  weld  quality  and  the  strongest  inside  weld 
reinforce  ment.  Figure  7-14  illustrates  the  consumable 
insert  joint  design,  as  well  as  the  insert.  The  joint 
preparation  requires  close  tolerances,  and  fitting  the 
insert  into  the  joint  is  time  consuming;  but  since  the 
composition  of  the  insert  may  be  selected  to  vary  the 
composition  ot  the  weld,  the  weld  results  may  be 
superior. 

Another  method  of  obtaining  inside  weld 
reinforcement  is  the  roiled  edge  joint.  The  left-hand 
section  of  figure  7-1 5  shows  the  first  stage  in  preparing 
this  joint,  while  the  right-section  of  the  same  figure 
shows  the  finished  joint.  The  rolled  edge  joint  is 
recommended  for  nickel  alloy  or  stainless  steels.  It  is 
less  costly  than  the  consumable  insert  joint,  and  the 
fit-up  is  less  critical. 

Joint  Preparation.  The  two  most  common  types  of 
joints  encountered  in  pipe  welding  are  butt  and  tee 
joints. 

Butt  joint.  Butt  joints  are  the  most  common  type  of 
pipe  joint.  This  joint  can  be  fit-up,  usingany  oneof  the 
five  joint  designs.  The  edges  of  the  pipes  must  be 
cleaned,  aligned,  and  tack  welded  at  90°  intervals.  The 
joint  should  be  cleaned  again  after  tack  welding  to 
insure  an  oxide-free  weld. 

Tee  joints.  Tee  joints  must  be  fitted  bvfishmouthing 
the  branch  and  cutting  a  hole  in  the  deader  in  the 
manner  discussed  for  metallic  arc  earlier  in  this 
chapter.  The  pipe  edges  must  then  be  prepared  by 
beveling  to  one  of  the  five  joint  designs.  Clean  the 
edges,  tack  weld  at  90°  intervals,  and  then  reclean  the 
joint. 


higurc  7  16.  Weld  made  \.  ith  arg(in  (upper)  and  withdiit  argon 

'lower). 
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Purging.  Pipe  should  be  purged  before  the  weld  is 
started,  and  the  purging  should  be  maintained 
throughout  the  entire  welding  operation.  When 
conditions  permit,  the  purging  gas  should  be 
introduced  at  the  lowest  point  in  the  pipe  or  system  and 
vented  out  at  the  high  point.  Oxidation  of  weld 
deposits  and/ or  base  metal  must  not  occur. 

A  comparison  is  made  in  figure  7- 1 6  of  welds  made 
with  an  argon  backing  (upper)  and  without  an  argon 
backing  (lower). 

Exercises  (A34): 

1.  What  has  been  found  to  be  the  best  method  of 
welding  stainless  steel  pipe? 


2.  Why  should  pipe  weld  joints  be  cleaned  thoroughly 
after  tack  welding? 


3.  What  are  the  two  most  common  types  of  pipe 
welding  joints? 


A35.  Regarding  butt  and  tee  joints,  cite  the 
appearance  of  flnished  weld  contours,  the  penetration 
required  at  the  weld  root  when  tee-joint  welding 
stainless  steel  pipe,  and  the  surface  appearance  of  a 
cocnpteted  stainless  steel  weld. 

The  welding  procedure  for  pipe  is  nothing  new  to  us. 
Ar>  has  been  stated  in  earlier  chapters  of  this  volume,  it 
is  merely  a  combination  of  all  position  welding.  It  does 
require  more  skill  of  the  welder  because  of  the  constant 
changing  positions. 

Butt  Joints.  Butt  welds  should  be  made  in  one  pass 
for  each  1/8  inch  of  pipe  wall  thickness  with  a 
minimum  of  two  passes.  Butt  welds  should  be  flush 
with  the  inside  of  the  pipe.  When  grinding  is  not 
possible,  allow  an  inside  protrusion  of  1/32  inch  for 
pipe  up  to  2  inches  in  diameter  and  an  inside  protrusion 
of  1  / 16  inch  for  pipe  IVi  inches  in  diameter  and  over. 


The  reinforcement  for  butt  welds  should  not  be  less 
than  1/16  inch  nor  more  than  3/32  inch  above  the 
'  jrface  of  the  base  material.  The  reinforcement  should 
be  built  up  uniformly  from  the  base  metal  to  a 
maximum  at  the  center  of  the  weld  and  should  blend 
smoothly  and  gradually  with  the  base  metal.  The 
finished  weld  contours  should  be  uniform  and  free 
from  depressions  below  the  surface  of  the  base  metal. 
Butt  welds  should  have  a  finished  bead  width  of 
approximately  1/16  inch  on  each  side  of  the  bevel. 
Under  no  circumstances  are  wide  welds  to  be  used  to 
cover  poor  fit-ups. 

Tee  Joints.  Tee  welds  must  be  fitted  up  carefully. 
The  edges  must  be  thoroughly  cleaned  and  all  burrs 
removed  to  prevent  unequal  spacing  around  the  joint. 
The  edges  should  fit  snugly  and  should  be  evenly 
spaced  to  allow  for  proper  penetration  and  to  prevent 
burn  through.  Tilt  the  torch  head  slightly  toward  the 
root  of  the  joint  and  in  the  direction  of  travel.  Take 
particular  care  to  insure  that  penetration  at  the  root  of 
the  weld  is  15  to  85  percent  of  the  pipe  wall  thickness 
(T).  The  reinforcement  should  not  exceed  the  thickness 
of  the  pipe  wall.  The  contour  of  the  bead  should  be 
slightly  convex.  The  weld  metal  should  taper  smoothly 
into  each  pipe  with  no  overlap,  and  the  width  of  the 
bead  should  be  from  2  to  3  times  the  wall  thickness. 
The  surface  appearance  should  be  dark  bronze  or  light 
purple.  A  completed  tee  joint  is  shown  in  figure  7-17. 

Exercises  (A35): 

1.  Describe  briefly  how  the  finished  weld  contours 
should  appear. 


2.  When  tee-joint  welding  stainless  steel  pipe,  what  is 
the  required  penetration  at  the  root  of  the  weld? 


3.  What  is  the  surface  appearance  of  a  completed 
stainless  steel  weld? 


Figure  7-18.  Torch  position  for  welding  pipe  in  the  vertical  position. 
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Figure  7-!9.  Multipass  stringer  beads  (left)  and  welding  sequence 

(right). 

A36.  State  the  purposes,  operational  techniques  and 
applications  of  welding  stainless  steel  pipe  joints  in 
the  fixed  vertical  and  overhead  positions. 

Vertical  Welding  Position.  When  pipe  sections  are  in 
the  vertical  fixed  position  and  may  not  be  rotated,  the 
welding  is  performed  in  the  horizontal  position. 

Welding  technique.  Special  techniques  are  required 
to  compensate  for  the  sagging  of  the  puddle  due  to 
gravity.  Consequently,  position  the  torch  as  shown  in 
figure  7-1 8  and  form  the  weld  puddle  on  the  upper  side 
of  the  joint,  keeping  it  slightly  above  the  centerline  of 
the  joint.  Move  the  torch  in  small  circles,  from  the  top 
of  the  puddle  around  the  puddle  to  the  bottom,  and 
then  up  the  other  side  to  the  top.  Do  not  permit  it  to 
dwell  longer  on  the  top  of  the  weld.  This  circular 
motion  will  insure  fusion  of  the  bottom  of  the  joint 
with  the  filler  rod  but  will  not  undercut  the  upper  side 
of  the  weld  bead. 

Welding  application.  Whenever  possible,  start  the 
arc  by  using  a  high-frequency  arc  starter  attachment. 
The  high-frequency  current  should  be  sufficient  to 
start  the  arc  without  touching  the  electrode  to  the  work 
piece.  When  joints  require  multilayer  welding,  stagger 
the  starting  and  stopping  points  of  successive  passes,  as 
shown  in  figure  7-19.  Each  layer  should  be  not  more 
than  1/8  inch  thick;  deposit  the  several  layers  in 
succession  and  complete  each  layer  before  starting  the 
next.  The  preferred  method  for  breaking  the  arc  is  to 
gradually  decrease  the  welding  current  with  the 
foot-operated  current  control  until  the  arc  is 
extinguished.  If  the  foot-operated  current  control  is 
not  available,  increase  the  rate  of  travel  to  a  speed  at 
Nvhich  the  arc  will  travel  without  fusing  the  base  metal; 
then  break  the  arc.  A  finished  horizontal  weld  bead  of 
stainless  steel  pipe  is  shown  in  figure  7-20. 
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Figure  7-20.  Finished  horizontal  weld  bead. 

Overhead  Welding  Position.  When  you  weld  in  the 
overhead  welding  position,  make  the  entire  weld  with 
the  work  at  or  above  eye  level.  Set  the  pipe  so  that  the 
centerline  is  approximately  horizontal.  Figure  7-21 
shows  the  correct  welding  sequence. 

Welding  technique.  After  properly  tackingthe joint, 
strike  an  arc  on  the  side  of  the  joint  and  carry  it  to  the 
bottom  of  the  joint.  Let  the  arc  dwell  on  the  bottom  of 
the  joint  until  a  small  weld  puddle  forms  on  each  side  of 
the  vee.  Then,  add  the  filler  rod  to  the  front  edge  of  the 
weld  puddle  until  the  puddle  bridges  the  joint  opening. 
Do  not  insert  the  filler  rod  directly  into  the  arc.  When 
you  add  the  filler  rod,  hold  it  almost  tangent  to  the  pipe 
surface  and  slant  the  heliarc  torch  about  15°  to  20° 
toward  the  rod  with  the  arc  length  about  1/16  inch,  as 
shown  in  figure  7-22. 

When  the  puddle  increases  to  about  1/8  inch  in 
thickness,   remove   the   rod   and   hold  the  torch 
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Figure  7-21.  Welding  sequence  for  pipe. 
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Figure  7-22.  Torch  and  filler  rod  position  relative  to  pipe. 


Stationary.  The  weld  puddle  will  now  begin  to  flatten 
out  in  front,  forming  a  thin  front  edge,  and  will  take  a 
wedge  shape  with  rounded  corners  extending  to  the 
bottom  of  the  joint.  The  wedge  shape  indicates  that 
penetration  is  complete.  Figure  7-23  illustrates  the 
correct  puddle  shape  for  complete  penetration  of  the 
joint.  As  soon  penetration  is  complete,  as  shown  by  the 
puddle  shape,  add  the  filler  rod  and  advance  the  heliarc 
torch  at  the  same  time.  Keep  advancing  the  correct 
puddle  shape  to  complete  the  pass.  When  you  have 
mastered  the  technique,  you  will  be  able  to  keep  the 
eight  of  the  puddle  even  and  about  1/8  inch  in 
thickness. 

If  the  welding  speed  is  too  slow,  you  will  have 
excessive  penetration  inside  the  pipe.  The  weld  puddle 
will  then  have  a  rounded  opening  at  the  front  edge  of 
the  puuddle  which  will  be  wider  than  the  joint  opening 
(keyhole  shape).  A  keyhole  shape  for  a  spaced  joint 
indicates  excessive  penetration,  since  too  much  of  the 
edges  are  being  melted  back.  To  overcome  excessive 
penetration,  add  more  filler  rod  to  the  puddle,  slant  the 
torch  sharply  toward  the  filler  rod  so  that  more  rod  is 
melted,  and  increase  the  welding  speed.  The  effect  will 
be  to  direct  more  heat  onto  the  filler  rod  and  less  onto 
the  pipe.  This  will  close  the  enlarged  opening  at  the 
front  of  the  puddle. 

Welding  application.  Strike  and  hold  an  arc  near  the 
joint  edges.  If  the  tungsten  electrode  becomes 
contaminated,  strike  the  arc  on  a  piece  of  copper  plate 


53-924 

Figure  7-23.  Correct  puddle  shape. 
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Figure  7-24.  Starling  and  stopping  a  weld  bead. 


until  the  erratic  action  of  the  arc  smooths  out.  Use  the 
foot  control  rheostat  to  adjust  the  arc  to  the 
approximate  desired  heat.  Move  the  arc  to  the  joint 
edges  and  travel  steadily  along  (forehand),  holding  the 
electrode  as  nearly  vertical  to  the  joint  as  possible.  Add 
the  filler  rod  at  the  forward  edge  of  the  pool. 
Manipulating  the  torch  is  not  necessary  in  order  to 
obtain  the  proper  width  of  weld  in  light  gage  metals.  To 
terminate  the  weld,  swing  the  foot  control  to  the  low 
position  to  break  the  arc  and  permit  the  shielding  gas 
to  flow  over  the  weld  area  until  it  has  cooled  to  a  black 
heat.  To  avoid  overlap  in  restarting  a  weld,  strike  the 
arc  ahead  of  the  terminated  weld  (approximately  1/4 
inch),  as  shown  in  figure  7-24,  and  then  move  the  arc 
back  to  the  end  of  the  weld  and  bring  it  to  a  molten 
state  before  adding  the  filler  rod.  The  weld 
specification  of  the  penetration  bead  is  shown  in  figure 
7-25.  These  specifications  are  approximations  of 
acceptable  variations  for  stainless  steel  welds. 

Exercises  (A36): 

1.  What  is  the  purpose  of  using  a  circular  motion  when 
welding  stainless  steel  pipe  in  a  fixed  vertical 
position? 


2.  Describe  briefly  the  preferred  method  of  breaking 
the  arc  when  welding  pipe. 


3.  What  is  indicated  by  a  keyhole  shape  for  a  spaced 
joint,  and  why  is  this  so? 


4,  How  do  you  overcome  excessive  penetration,  and 
why? 
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5.  What  should  you  do  if  the  tungsten  electrode 
becomes  contaminated? 


7-3.  Welding  Aluminum  Alloy  Pipe 

In  this  last  section  we  will  dii  cuss  types  of  aluminum 
pipe,  equipment,  preparation,  and  technique  of 
welding  aluminum  alloy  pipe. 

A37.  Cite  three  aluminum  alloys  produced  in  pipe 
form,  the  solvents  used  to  clean  aluminum  alloy  joints 
before  welding,  flow  rate  for  inert  gas  when  welding 
aluminum  pipe,  and  how  aluminum  stee!  joints  are 
prepared  and  >velded. 

For  many  years,  aluminum  pipe  was  generally 
joined  with  threaded  fittings.  Today,  welded  pipe  is 
widely  used.  Only  three  aluminum  alloys  are  produced 
in  pipe  form.  Of  these,  alloy  3005-H 1 2  is  a 
nonheat-treatahle  alloy  containing  manganese.  It 
provides  adequate  strength  for  niany  applications  and 
resistance  to  corrosion.  Alloy  6063-T6,  a  heat-treated 
aluminum  magnesium  silicate  type  alloy,  provides 
higher  strength  and  equal  resistance  to  corrosion. 
Alloy  606I-T6  is  similar  to  6063  -T6,  but  it  has  higher 
strength.  In  most  environments,  its  resistance  to 
corrosion  is  equal  to  that  of  the  other  two  alloys 
already  discussed. 

Equipment  Setup.  The  current  setting  for  welding 
aluminum  alloy  pipe  will  vary  with  the  skill  of  the 
welder,  but  the  types  of  current,  shielding  gas,  and 
electrode  remain  the  same.  Alternating  current  with 
superimposed  high  frequency  or  direct  current 
(straight  polarity)  is  used  to  weld  aluminum  alloy  pipe. 
When  you  use  AC  high  frequency,  the  tungsten 
electrode  may  be  either  of  pure  tungsten  or  of  2  percent 
thoriated  tungsten.  The  shielding  gas  should  be  argon. 
With  DC  straight  polarity,  the  electrode  should  be 
pure  tungsten  and  the  shielding  gas  helium. 

Preparation  of  Edges.  All  butt  joints  must  be  melted 
through  their  full  thickness  to  obtain  a  complete 
penetration  weld.  This  can  be  done  by  using  two  of  the 
joints  we  have  discussed  for  stainless  steel  pipe 
welding — the  standard  vee  joint  and  the  sharp  vee 


33.923 

Figure  7-25.  Typical  weld  dimensions. 
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Figure  7  26.  Aluminum  tee  joint. 


joint.  These  joints  must  be  thoroughly  cleaned  o 
renr^uve  all  foreign  substances  before  welding.  Oil, 
grease,  dirt,  paint,  and  othersubstances  will  burn  in  the 
arc  and  generate  gases  which  will  contaminate  the  inert 
gas  and  interfere  with  the  clean,  smooth  flow  of  weld 
metal.  They  can  also  cause  porosity,  incomplete 
fusion,  inadequate  penetration,  and  undercutting,  in 
addition  to  rough  welds  of  poor  appearance.  Joint 
idges  can  be  cleaned  with  solvent-soaked  rags  to 
"-enriove  surface  oil,  grease,  and  dirt.  This  should  be 
sufficient  cleaning  for  most  joints.  Suitable  solvents 
nclude  naphtha,  alcohol,  and  acetone.  When 
iolvent-soaked  rags  will  no.  remove  imbedded  dirt, 
you  must  use  files,  chisels,  wire  brushes,  or  metal 
scrapers.  These  should  be  clean  and  free  from  oil. 

Welding  Technique.  After  the  edges  have  been 
cleaned,  assemble  the  joint.  When  the  joint  has  been 
properly  aligned,  tack  weld  at  three  or  more  locations. 
The  tack  welds  should  fully  penetratec}  and  rather  flat, 
and  they  should  not  be  more  than  1  inch  long.  Three 
such  welds  at  equal  distances  around  the  joint  will 
usually  maintain  alignment. 

To  weld  pipe,  point  the  electrode  toward  the  center 
of  the  pipe.  This  is  more  satisfactory  than  trying  to 
modify  the  anngle  of  the  electrode  along  the  length  of 
the  weld.  Maintain  the  arc  at  a  controllable  length, 
usually  about  1/4  inch  or  just  enough  to  prevent 
contamination  of  the  electrode  when  you  add  the 
welding  rod.  Short  arcs  do  not  contribute  to  ease  of 
application  or  improvement  of  weld  soundness  or 


appearance.  Adjust  the  inert  gas  to  flow  at  a  rate  which 
will  produce  good  cleaning.  When  you  are  welding  on 
the  bottom  section  of  a  joint  in  the  horizontal  fixed 
position,  increase  the  gas  in  order  to  obtain  freedom 
from  porosity.  Use  a  welding  rod  for  all  passes  and  use 
it  in  such  a  manner  that  it  does  not  interfere  with  the 
stability  of  the  arc.  The  best  method  is  introduce  the 
welding  rod  neaily  tangent  to  the  pipe  at  the  location  of 
the  arc,  making  certain  that  the  first  contact  is  between 
the  end  of  the  welding  rod  and  the  leading  edge  of  the 
pool.  A  smooth,  uniform,  forward  motion  of  the  arc  as 
ycu  add  the  filler  rod  will  produce  the  best  results.  In 
contrast,  jerky  movements  will  result  in  inclusions, 
rough  appearance,  nonuniform  penetration,  and 
difficulty  in  application. 

When  you  apply  a  weld  with  the  pipe  in  the  vertical 
position,  all  passes  should  be  applied  as  stringer  beads. 
When  you  are  welding  pipe  in  the  horizontal  fixed 
position,  the  welding  should  be  performed  without 
pipe  rotation.  Start  the  welding  at  the  bottom  of  the 
joint  and  progress  upward  to  the  top;  under  no 
circumstance  should  welding  be  performed  in  the 
reverse  order. 

Tee  Joints.  Fillet-type  (tee)  joints  of  aluminum  are 
prepared  and  welded  in  the  same  manner  as  the 
fillet-ty  pe  joints  made  of  stainless  steel.  An  example  of 
a  finished  fillet-type  joint  of  aluminum  is  shown  in 
figure  7-26. 

Exercises  (A37): 

I.  Name  the  three  aluminum  alloys  that  are  produced 
in  pipe  fornn. 


2.  What  solvents  should  be  used  to  clean  joints  of 
aluminum  alloys  before  welding? 


3.  What  is  the  rate  of  flow  for  the  inert  gas  when 
welding  aluminum  pipe? 


4.  What  is  the  result  of  short,  jerky  movements  of  the 
arc? 


5.  Indicated  how  fillet-type  (tee)  joints  of  aluminum 
are  prepared  and  welded. 
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ANSWERS  FOR  EXERCISES 


CHAPTER  1 


AOS 
AOS 


Reference: 

Ao:    I.  2 


a.  An  electric  current  must  have  a  complete  conducting 
path  in  order  to  flow.  This  path  is  called  a  circiut. 

b.  The  push  which  electricity  needs  in  order  to  move 
through  a  circuit  is  supplied  by  the  electromotive  force 
commonly  known  as  voltage. 

c.  An  amper  '  tells  the  amount  of  electricity  flowing  per 
second  past  a  given  point. 

d.  The  amount  of  current  flowing  in  a  circuit  is 
determined  by  the  amount  of  resistance  in  the  circuit. 
This  resistance  is  measured  by  a  unit  known  as  an 
ohm. 

AOl  -  2.    Because  with  a  long arc«  much  heat  is  lost  by  radiation  to 
the  atmosphere. 

3.  Straight  polarity. 

4.  (I)  Gravity,  (2)  gas  expansion,  (3)  electromagnetic,  (4) 
electric,  and  (5)  surface  tension. 

5.  A  magnetic  field  set  up  in  the  work  by  the  flow  of  the 
welding  current. 

1.  Generator,  rectifier. 

2.  Transformer  and  rotating-type  machines. 

3.  Because  of  low  initial  cost,  low  operating  cost,  and  low 
maintenance  cost. 

4.  Powerlinc;  welding  cables. 

5.  (I)  Motor-generator,  (2)  frequency  changer,  (3)  phase 
changer,  and  (4)  combination  types. 

A02  -  6.    The  size  of  those  cables  depends  on  the  normal  welding 
current  and  the  length  ?  f  the  cable. 

A02  -  7.    It  is  attached  to  one  of  the  welding  cables,  which  has  a 
clamping  device  for  holding  the  electrode. 

1.  In  the  MW4  series  TOs. 

2.  Give  them  a  coat  of  shellac . 

3.  (I)  Brushes,  (2)  commutator,  (3)  contact  points,  and 
bearings. 

4.  At  4-  to  6-month  intervals,  depending  upon  the  number 
of  operating  hours. 


AOl 
AOl 

AOl 

A02 
A02 
A02 

A02 
A02 


A03 
A03 
A03 

A03 


A04 


A04 
A04 


CHAPTER  2 

1 .  That  the  electrode  (E)  has  a  tensile  strength  of  1 20,000  psi, 
can  be  used  in  any  position,  and  should  be  used  with 
alternating  current. 

2.  Class  A. 

3.  a.  True. 

b.  True. 

c.  False. 

d.  False. 

e.  True. 

A04  -  4.    a.  Black  end,  orange  spot,  and  green  group. 

b.  White  spot  only. 

c.  Black  end  and  black  spot. 

d.  No  color  codes  (only  a  manufacturer's  trademark 
(11018). 


c. 
d. 

e. 
f. 

g- 
h. 


A06  -  1. 


A06 
A06 
A06 


A07  -  1. 

A07  2. 

A07  -  3. 
A07  -  4. 
A07  -  5. 

A08  -  1. 


A08  -  2. 
A08  -  3. 

A08  -  4. 

A08  -  5. 
A08  6. 


The  shielded  arc  or  hea\ y-C()atcd  electrode. 

a.  Heavy-coated 

b.  Bare  or  light-coated. 
Bare. 

Heavy-coated. 
Heavy-coated. 
Bare. 

l.ight-coatr^d. 
Heavy-coated, 
i.  Heavy-coated, 
j.  Heavy-coated. 

(1)  Type  of  work,  (2)  type  of  machine.  (3)  type  of 

electrode,  (4)  the  current,  and  (5)  safety  factors. 

In  hot  weather,  when  you  are  perspiring. 

You  should  be  sure  that  the  lens  is  suited  to  your  eyes. 

Wear  leather  ^'.loves  of  the  gauntlet  type  to  protect  them 

from  the  heat  and  injurious  rays  emitted  by  the  arc. 


CHAPTER  3 

Those  are:  the  very  hot  section  next  to  the  molten  tiller 

metal,  the  annealed  section  next  to  the  heated  base  metal. 

and  the  zone  adjacent  to  the  cold  bajc  metal. 

The  heat-affected  area  is  increased  when  the  speed  is 

decreased,  and  increasing  the  speed  decreases  the  affected 

area. 

The  hardness  from  arc  welding  is  greater. 
The  longer  the  arc  length,  the  greater  the  heat-area. 
No,  because  penetration  applies  to  depth  and  not  width, 
so  the  heat-affected  area  should  not  increase. 

A  bare  electrode  should  be  held  at  a  90"  angle  to  ?hc  base 
metal.  A  heavy-coated  electrode  should  be  tilted  5°  to 
15°  in  the  direction  of  travel. 
I/I6  inch. 

The  proportions  of  the  bead  desired,  current  value,  and 
size  of  the  electrode  used. 

So  that  the  stringer  beads  may  be  ended  with  less 
difficulty. 

At  right  angles  to  each  other. 

Make  sure  you  have  a  clean  working  .surface  free  of  oil. 
dirt,  and  other  foreign  matter. 


A09 
A09 


-  1. 
2. 


AlO  -  I. 
AlO  -  2. 
AlO  -  3. 


3/4  inch. 
True. 
False. 
False. 
True. 
True. 
False. 
True. 
True. 


A  hutt  joint  is  the  welding  of  two  plates  having  surface  sin 
approximately  the  same  plane. 

By  flame  cutting,  shearing,  flame  grooving,  machining, 
chipping,  and  grinding. 

Clean  the  edges  without  any  special  preparation. 
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AlO    4.    100  percent. 

A 10    5.    (I)  Angle  iron  and  clamps.  (2)  speeial  jigs  and  clamps, 

(3)  a  wedge. 
AlO  -  6.    1/8  inch. 

AlO     7.    30°  to  35°  for  single  bevel:  60°lo  75°  for  single  **V/* 
AlO  a.  buckling. 

b.  single  weld:  nmlliple-pass. 

e.  thickness;  shoulder. 

d.  thickness. 

Al  1  I.  The  electrode  is  held  at  a  45°  angle  to  the  plate  surfaces 
and  inclined  appro.ximately  15°  in  the  direction  ot  the 
weld. 

All     2.    By  using  chain  intermittent  or  staggered  intermittent 

welds. 
All     3.  Three. 

Al  1  4.  Position  two  plates  at  approximately  right  angle  to  lorm 
an  inverted  T. 

A12  -  1.    Two  overlapping  plates;  fillet  weld. 

A12  -  2.    To  insure  good  fusion  and  to  prevent  undercutting. 

A12  -  3.    To  prevent  undercutting  of  that  edge. 

A13  '  K  Gravity.  Do  this  by  using  smaller  diameter  electrodes  at 
lower  current  s^^ttings  and  maintaining  a  smaller  molten 
pool  to  permit  curface  tension. 

A13     2.    Reverse  polarity . 

A13     3.    Vertical-up  weave  bead. 

Al3  -  4.  Vertical-down. 

A13  5.  Current  settings  for  vertical  should  be  lower  than  those 
used  for  flat  welding. 

A;4  -  I.    You  must  hold  a  short  arc  and  control  its  motion. 
A14  '  2.    Shift  the  electrode  away  from  the  crater  quickly  without 

breaking  the  arc. 
A14  -  3.  Vertical-up. 
A14    4.    90°  to  the  plate 

A15  -  1.    The  horizontal  plate. 
A15     2.    Too  fluid. 

A15  -  3.  By  removing  all  slag  and  oxides  from  the  surface  of  each 
pass  by  chipping  or  wire  brushing  before  applying 
additional  beads  in  the  joint. 

A15  -  4.  The  joints  are  prepared  for  overhead  welding  in  the  s;  mc 
way  that  they  are  prepared  for  flat  welding. 

A15     5.    3/16  inch  diameter. 


CHAPTER  4 

Ai6  -  1.  (1)  The  strength  of  the  parent  metal,  (2)  the  corrosion 
resistance,  and  (3)  the  appearance  of  the  stainless  steel 
surface  must  be  protected. 

A16  -  2.  Austentite. 

AI6  -  3.  Loss  of  corrosion  resistance,  excessive  strains  would  be 
induced,  and  undesirable  grain  growth  would  be 
promoted. 

A16  -  4.  MIL-E-6844. 

AI6    5.    DC  reverse  polarity  for  light  gage,  and  DC  straight 

polarity  for  heavy  gage. 
A16    6.    I)  Heat  conductivity.  (2)  metal  thickness,  /3)  mass.  (4) 

type  of  stainless  steel,  and  (5)  skill  of  the  welder. 

A17  I.  The  removal  of  all  dirt,  grease,  and  other  foreign 
substances  by  washing  with  a  suitable  cleaning  agent. 

A17  2.  By  striking  .  \e  arc  in  the  vee  rather  than  on  the  surface  of 
the  base  metal. 

A17     3.    The  cast  iron  may  crack  just  back  of  the  line  of  fusion. 
A17  -4.    Peening  forges  the  meta!  and  relieves  the  cooling  strains. 
A17     5.    Mild  steel  electrodes,  stainless  steel  electrodes  Monel 
electrodes,  and  cast  iron  electrodes. 

A18  -  1.    a.  Chipping. 

b.  Machining. 

c.  Grinding. 


A18 
A18 
A18 
A18 
A18 


A18 


2. 
3. 
4. 
5. 
6. 


To  prevent  overheating  the  base  metal. 
Anneal  heat-treating  the  base  metal. 
Water  quenching  will  crack  hard  surfacin^i. 
I  / 16  inch;  1 14  inch. 

To  insure  that  impact  or  shock  loads  ma\  be  transmitted 
through  the  hard-surfacing  metal  into  the  tougher  base 
metal. 

This  reduces  spatter  loss,  insures  good  penetration, 
prevents  oxidation  of  the  deposited  metal,  and  helps  to 
stabilize  the  arc. 


A19  1. 


a.  Oxy  arc  cutting. 

b.  Metallic  arc  cutting. 

c.  Carbon  arc  cutting. 

d.  Metallic  arc  cutting. 

e.  Oxy  arc  cutting. 

r.  Metallin  arc  cutting, 
g.  Oxy  arc  cutting. 
A19  2.  In  metallic  arc  cutting,  a  low  carbon  steel  electrode  with  a 
heavy  nonconducting  coating  is  used:  in  carbon  are 
cutting,  a  carbon  electrode  is  used:  while  and  in  oxy  arc 
cutting,  a  steel  or  conducting  ceramic  type  hollow 
electrode  is  used. 


CHAPTER  5 

A20  -  1.  The  inert  gas  prevents  the  air.  which  causes  the  formation 
of  harmful  oxides  and  nitrides,  from  coming  into  contact 
with  the  molten  weld  metal. 

A20  -  2.  TIG  uses  a  nonconsumable  tungsten  electrode,  while 
MIG  uses  a  consumable  alloy  wire  wiUi  about  the  same 
composition  as  that  of  the  metal  being  welded. 

A20  -  3.    a.  TiG. 

b.  MIG. 

c.  MIG. 

d.  TIG. 

A20  4.  They  are  stronger,  more  ductile,  and  more  corrosion 
resistant. 

A21  I.  (I)  A  welding  generator.  (2)  a  DC  rectifier,  or  (3) an  AC 
transformer. 

A21     2.    It  permits  starting  the  arc  without  contact  between  the 

electrode  and  the  work. 
A21  -  3.    For  one.  you  can  use  a  hicher  current,  and  for  another. 

there  is  no  danger  of  overheating  as  long  as  the  water 

flows. 

A21  -  4.  (I)  Excessively  high  water  pressure.  (2)  mistreatment  of 
equipment,  and  (3)  improperly  sealed  hose  connections. 

A21  -  5.  An  "inert  gas'' is  one  that  is  chemically  inactive  and  which 
will  not  combine  with  any  other  element. 

A21  -  6.    10.6  cubic  feet  per  hour. 

A21  -  7.  14. 

A21     8.    a.  True. 

b.  Fal.se. 

c.  True. 

d.  False. 


A22     I .    I .  b. 

2.  a. 

3.  c. 


A22  -  2. 


4.  c. 

5.  b. 

6.  a. 

Use  the  one  with  the  red  mark.  It  is  a  2-percent  thoriated 
tungsten  electrode. 


A22  3. 

a. 

Helium, 

b. 

Argon. 

c. 

Helium. 

d. 

Argon. 

e. 

Helium. 

A22  4. 

a. 

6-7-8. 

b. 

6. 

c. 

7  8. 

d. 

7-8. 
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A23     I.    y  confining  the  arc  of  heat  li  as  small  an  area  us  posMlilc 

while  still  obtaining  proper  fusion. 
A23    2.    Heeaiise  it  produces  a  niininiiini  oi  warpagc,  prc\cnl 

oxidation,  and  maintains  the  niaxiiniun  of  oorrositMi 

resistance  in  the  welded  part. 
A23    3.    The  coefficient  for  stainless  steel  is  approximately 

percent  greater  than  that  for  carbon  steel. 
A23    4.    (!)  Usein<Mtgasbaeking,(2)ijsea  conibinationofbaekiip 

late  and  an  inert  gas.  and  (3)  brush  I  lux  on  the  underside 

of  the  joint. 

A24     I .    If  dire-ct  tension  or  beiulini;  stresses  will  be  applied  to  the 

finished  product. 
A24     2.    15  to  30  amps  DC  SV. 

A24  3.  Swing  the  foot  control  to  the  low  position  to  break  theaie 
and  permit  the  shielding  ga.s  to  How  over  the  weld  area 
until  it  has  cooled  to  a  black  heat. 

A24  4.  To  allow  the  edges  to  fuse  together  without  the  use  of  a 
filler  rod, 

A24     5.    A  rough  or  an  uneven  surface. 

A25  1.  To  prevent  contaminating  the  tungsten  eleetrode  and  to 
aid  in  weld  control, 

A25  -  2.    .050  inch  or  slightly  in  excess  of  100  percent. 

A25  3.  The  completed  weld  should  have  penetration  slightly  in 
excess  of  100  percent.  Reinforcement  lor  light  gage 
stainless  steel  can  vary  from  5  to  30  percent  of  T  with  the 
width  of  the  bead  varying  from  2  to  3  1.  The  surface 
appearance  of  the  weld  should  be  a  dark  bron/e  or  light 
purple. 

A26  I .  Lap  joints  are  used  extensively  in  the  repair  of  welded  jet 
and  conventional  aircraft  parts,  because  of  the  ease  of 
preparation  and  welding. 

A26  -  2.  Failure  to  melt  it  back  will  result  in  a  concaxe  undcrctit 
bead. 

A26    3.    Shear  the  stainless  steel  sheet  stock  to  leave  a  square  edge 

free  of  burrs  and  warpage. 
A26    4.    It  is  added  at  the  root  of  the  joint  and  the  foru  ard  edge  ol 

the  molten  pool. 

A26  5.  To  insure  adequate  penetration  at  the  root  of  the  weld 
without  burning  through  the  vertieal  sheet. 

A27    I.  Hi'*'>  frequency  current. 

A27    2.  Ti  .  .event  oxidation 

A27-  3.  To  support  the  weld. 

A27  -  4.  Inert  gas  backup, 

A27    5.  Over  100. 


A28  -  I.    The  ga.s-shielded  welding  process. 

A28  -  2.    By     the     vapor     degreasing     method,     in  whieh 
trichlroethylene  is  used;  or  a  hot  alkaline  cleaning 
compound  may  be  used. 
The  preferred  agent  is  graphite  base  powder. 
To  those  for  aluminum. 

A29    I.    In  the  commercially  pure  form,  it  is  siUery  gray. 

resembling  unpolished  stainless  steel  but  with  slightiy 
more  luster. 


A28 
A28 


A29  - 

2. 

Corrosion-resistant  steel. 

A29  - 

3. 

Carbon,  oxygen,  and  nitrogen 

A29 

4. 

Any  sign  of  brown  or  powder} 

A30- 

!. 

False. 

A30- 

2. 

True, 

A30- 

3. 

Falst 

A30- 

4. 

False. 

A30- 

5, 

False, 

A30- 

6. 

False. 

A30- 

7. 

True. 

AM) 


A3 1 

A.ll 
A3 1 
A3 1 

A31 


A32 
A32 


A32 


A32 
A32 

A32 


A33 
A33 

A33 
A33 

A34 
A34 
A34 
A35 

A35 
A35 


a.  I .  liardcniug. 

e.  U).S():  M). 

d  Mullintct.  1.^00. 

e.  llaNne  allov  2f>  (or  rrut  ibK 


dloy  I  1);  ililfieull. 


A36 
A36 

A  36 

A37 
A37 
A37 

A37 
A37 


A36  I 


A36 


riie  proper  useol  either  a  shieMing  uas  or  copper  back  up 
bloek. 

An  AC  DC'  teetitirr  t\  pe  with  a  loot  control  rheostat. 
I. ens  number  tS  or  it)  ran  he  used. 

{  used  into  tlu-  rvn>t  ol  the  we-ld  and  3S  to  6f>  percent 

penetration  into  e-aeh  sheet. 

St  less  relicNe  the  area  imniediatelv. 


ciiAn  i  R  -> 

1  he  butt  joint. 

I  hey  help  to  secure  complete  penetration  ol  the  deposited 
weld  metal  to  the  inside  of  the  pipew  ithout  burn  through, 
prevent  globules  of  splattered  weld  metal  and  slag  from 
entering  the  pipe,  and  can  be  \ised  to  assist  in  aligning  the 
pipe  ends. 

(  I)  Plain  fiat  strip  type,  (2)  the  forged  or  pressed  type,  (3) 
the  circumferential  rib  type,  and  (4)  the  machined  ring 
type 

he  oxyaeetylene  cutting  toreli. 

Not  less  than  the  diameter  ol  the  eleetrode  used  for  the 
root  pass. 

The  number  varies  with  the  wall  thickness  of  the  pipe,  the 
welding  position,  the  si/e  of  the  electrode,  and  the 
welding  curretit. 

Make  accurate  patterns. 

The  edges  shtudd  be  cleaned  Ihorouglily,  and  all  burrs 
shoiild  be  removed, 

Hy  tlie  use  of  jigs  and  fixtures  or  by  adequate  taek  welds. 
Oct  ermine  the  si/e  of  the  pipe  involved. 

Inert  gas-shielded  welding. 
I'o  insure  an  oxide-free  weld. 
Uwii  and  tee  joints. 

They  sho\ild  be  uniform  and  free  from  depressions  below 

the  surfaees  of  the  base  metal. 

15  to  K5  percent  of  the  pipe  wall  thickness. 

Park  bron/e  or  light  purple. 

riie  circular  motion  will  insure  fusion  of  the  bottom  of 
t lie  joint  with  the  filler  rod  but  will  not  undercut  the  upper 
side  of  thi.  weld  bead. 

Ciradually  decrease  the  welding  current  with  the 
fnoi-opcrated  current  control  until  the  arc  is 
cxtingiiishcd. 

l-'xccssivc  penetration,  since  too  much  of  the  edges  are 
being  melted  back. 

Add  more  filler  rod  to  the  puddle, slant  the  torch  sharply 
toward  the  filler  rod  so  that  nore  rod  is  melted,  and 
increase  the  welding  speed.  The  effect  will  be  to  direct 
more  heat  onto  the  filler  rod  and  less  onto  the  pipe.  This 
w  ill  elosc  the  enlarged  opening  at  the  front  of  the  puddle. 
Strike  the  arc  on  a  picee  of  copper  plate  until  the  erratic 
action  of  the  arc  smooths  out. 

Alloy  3005  M  12,  alloy  6063  T6,  and  alloy  6061  T6. 
Naphtha,  alcohol,  and  acetone. 

Adjust  the  inert  gas  to  How  at  a  rate  w  hich  will  produce 
good  cleaning. 

Short,  jerky  moscmcnts  will  result  in  inclusions  rough 
a  p  pea  ranee,  nonuniform  penetration,  and  difficulty  in 
application. 

i  his  is  done  in  the  same  manner  as  lor  fillet-type  joints 
made  of  stiiinlcss  sieel. 
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ELECTRODE  IDENTIFICATION  AND  OPERATING  DATA 


COAllNG 
COLOR 

lOtNllFICATION     •      a  Awi        J  t,.*.-** 
MARKING       ViCl  »     —     I.  ) 

AWS 
CLASS 

lOLAfilTV 

0C(O-"R[Vll!SE" 
DC(-)  -  "STRAIGHT" 

Slits  ANDCURRlflt  RAN&LS(Aaipv) 
(ilwlfod^i  lit  mm\n\\itt6  m  thow  wt\  lot  rthifh  cuit^nf  tsnj.  fn) 

{{)  m      1     (S)  SPOT     1    (G)  GBOUP    T"  (l)  SPCCIAL 

5/«'si:[  1  3/]?-siH   1  1/8- Sin  1  vj:'si/(  |  m-m  \  //jr^i.   1         "j  hiwrn' 

MILD  STEEL 

While 
BTtckRed 

Tan 
day 

— 
While 
While 
Blue 
BfQwn 
Brown 

.  ..   

Green 

"E5010 
£601? 

E6012 

E601I 

[6013 

E7014 
_E6014 

DC(0 
DC(-) 
AC 

OC(-) 
AC 
"AC 
DC(0 
AC 

OCM 
AC 

DC(-) 
OC(-) 
AC 

DC(-)" 
AC 

OC(f) 
AC 

OC(t) 
AC 

"■■Ac 

OC(t) 

"  DC{i) 
AC 

■ 

35.65 

t580 

60-90 

40-/5 
35.?0 
^5  100  ^' 
o0-90 

40-90 
40.60 

65120"  " 
60110 
/GlOO' 
80120 

75130 
75130 
80130 
9O'140 

"  90-135 
100-150 

75120' 

70110 

90-140  ■  ' 

80.1?5 
110160  ""' 
100.145 

'■  '80-135'  ' 
90-150 
60-120 
55-110 
130.190 
i:0-180 

115175' 
100.160 
95155 
115165 

90175 
90175 
120  180 
130  200 
~ '120190 
130  210 
'90-160 
80145 

140  200  " " 
125.180 

"  150-225  " 

135  200 

"175.250"" 

160-225 
"110-180^ 

120-200 

115 150 

105-135 

""'  190250^ 

180-230 

i90-24Q 

175-215 

180-240 

160-215 
~'  120  200  " 

145  230 

180  270  " 

170  240 

140  225 

140  225 

180  250 
200  ?/5 

"150-265 

165-290 
~  120  200 

110180 
"200-260 

180  2:^5 
'200-280 

180  250 

"230-350" 
210315 

"155-250"  " 

170  275 

160  2IQ 

145-190 

240-300 

220-280 
'  250-300  ""' 

230-270 
""240-300 

215.270 

160  280 

200  310 
^  240  330 

210-300 

2^  • 

210  ?80 
?30  310 

*  225  300 

250  325 
150  260 
!35  235 

260.340 
235-305 
300  450 
275  410 
225-295 
250  325 

300.380 
280-360 
300-380 
270  340 
300  380 
270-340 
190  310  " " 
240  350 
275  410 
260  380 

2tHJ  325 
250  315 

m  m 

250  340 
275  375 

180  300 
1  70  270 

315  425 
285  380 

245  325 
275  360 

360  440 
330  40O 
350  450 
315  405 

^"350  450 
315  405 
230-360 
290-410 

'  360  520 

280  ^00 
320  410 

315  405 

350  450 

370  500 
330  450 

475  600 

450  ^00 

375475 
400-500 

White 
Dark  Tan 
GrayBfOwn 

Black 

Tan 

- 

E601? 

Tan 

While 

Creep 

Brown 

Blue 

ESOU 

Dark  Gray 

Black 

Yellow 

E7024 
E60?4 

Red  Brown 

Silver 

E602/ 

Gray 

Black 

Yellow 

Green 

E7024 
E60?4 

Gray 

Black 

Orange 

Green 

E7018 
E60]8 

Gray- Brown 

Black 

Black 

E7028 
[6028 

AC 

0C(+) 

LOW  ALLOY,  HIGH  TENSILE  STE 

EL 

Pink 

Blue 

While 

Eraio-Ai 

DC(+) 

50  90 

75-130 
/b'-liO  " 

'  90.150"' 
110.160 
95155 
115.165 

90-175 

90175 
"  190-240 
175-215 

^'"110'200^' 
140-530 

^'  120  200 
145-230 

140-225 
■  140  225  ""~ 
"  140  175  " 

250-300  ' 

230  270 
~  150-280  ^ 

200-310 

160  280  " 

200  310 

275  375 
250-320 

190  310 
240  350 

190-325 

350  450 
330  370 

230  360 
290  410 

Pink 

Blue 

Green 

_j7010.G  

DC(+) 

Pink 

E?020.A1 

^■oc(f) ■ 

AC 

OC(t) 

Dark  Red 

Blue 

Yellow 

Silver 

Gray 

 ^„ 

9018 

E9018.G 

DC(+) 
AC 

Gray 

11018 

EllOie-G 

AC 

STAINLESS  S 

TEEL 

Idle  uiesn 

Yellow 

Black 

308-15 

E308 15 

OC(^);AC 
DC(  +  );AC"" 
DC(+)  '""^ 

20-5S 
;0-45' 

3070 
'30-60 
■30-65' 

"30.ra 

30.65 

30.65"""  " 
"^'30-75 
30-?0'  " 
30-60 

50100 
"""  55-95  ■' 
"55  100  '■ 

45-95 
■"  55.100' ' 

55  100  " 

45  95 

50100 

55.95 

75-130 
"  ■  80-135 
'""80-140 

80-135  " 
~  "80-140 

80140  " 

80  135  " 
""'75130 

'80.135 

95165 

115185  " 

115  190 

100-165 
"  120.1^^5  " 
~  115190 
'  100165  '" 

95.165  " 

115185 

15^225 
200  275 
200-285 
140  225  '" 
~  200-275 
200  285 

150  225 

Grsy 

Yellow 

Yellow 

308.16 

E308-16 

Grsy 

Brown 

Yellow 

3081-16 

W-16 

Paie  Green 

Red 

Black 

310.15 

E310-15 

Gray 

Red 

Yellow 

310-16 

E310-16 

OC(+);AC 

00(0;  AC 

0C(  +  ) 

Brown 

White 

Yellow 

316L-16 

E316L16 

D«Ia  ^ffAAn 

raifi  ijfeen 

Yellow 

Green 

Black 

318.15 

E318-15 

?ile  Green 

Yellow 

Blue 

Black 

3<M5 

E34M5 

20-55 

Gray 

Yellow    1  Blue 

Yellow 

34?-l6 

E34M6 

BRONZE  &  ALUMINUM 

Peach 

Yellow 

Blue 

Blue 

E-CuSn-C 

CC(+) 
OC(-f) 

;055 

50125 
45125 

70170 
60170 

90  220 
85  235 

125-360 

Peach 

AI-43 

CAST  IRON 

Light  Tan 

Orange 

ESt 

DC(0;AC 
"DC(i) 
AC 

80-100 
60HO  ' 
65120 

■100135 
110150 

Black 

Orange 

Blue 

White 

ENi 

HARDSURF 

ICING 

Black 

DC(0 
AC 

~  ~K(+).AC  ■ 

"  40.85'  ~  " 

40150 
50165 

''65'130  ^ 
65  100 

75  200 
80  220 

115-225 

"125  210 
135  230  ^ 

110-250 

120  275 

60150 
"  60150  ■  ■ 

200-290 
"  130170 
""  150  260 

165-285 

110  27J 
125  275 

150  375 
165  410 

255  375 
170  225 
200  350 
220  385 

150  400 
200  400 

145  350 
145  350 

Slate 

Yellow 

Siale 

Pink 

"0C(4);AC'"  ' 

Gray 

"  "DC(:0;AC 
AC 

DCHiAC 

Bare  Wire 

Dark  Gray 

Orange 

Slate 

Gray 

■dc(+)' 

AC 

Dark  Gray 

O  Foldout  1.  Electrode  identifiction  and  operating  data. 
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1.  MATCH  ANSWKR  SHKK  1  K)  I  HIS  KXKRCISK  M  \?UKR. 

2.  USKNliMBKR  2  PKNCIL  ONLY . 


KXTKNSION  C ODRSK  INSTl  1 1  TE 
VOMIMK  REVIEW  EXERC  ISE 

55252  06  22 

ELECTRIC  WEEDING,  METALLIC  ARC  EQUIPMENT 
Curdtill^  rtuci  the  following: 

1 .  Check  ilic  •  'CDursL*.  **vi)Iuiiic.  and  "lorm*  numhcrs  Itdiu  ihc  ariswer  ,shcci  address  lab  agmnsi  Uic 
"VR1-.  answer  .sheet  idenlil'icaiion  number"  in  the  righlhand  column  the  .shipping  hst.  If  numbers  do 
iu»t  iiialch.  return  the  answer  sheet  and  the  shippmg  hst  to  HCI  immediately  with  a  note  of  explanation. 

2.  Note  that  item  numbers  on  answer  sheet  arc  sequential  in  each  column. 
I'sc  a  meilium  sharp  #2  black  lead  pencil  for  iiiarkiiit:  answer  sheet. 

4.  Write  the  corri.  ct  answer  in  the  margin  at  the  left  of  the  item.  (When  you  review  for  the  course 
exaiiimation.  you  can  cover  y<>///-  answers  with  a  strip  ot  paper  and  then  check  your  review  answers 
against  youi  original  choices.)  Altci  you  are  sure  of  your  answers,  transfer  them  to  (he  answer  sheet.  If 
yo\i  iiayr  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
era.scr.  But  try  to  avoid  any  erasure  on  the  an.swer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  HCI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  matulatorily  enrolled  student,  process  questions  or  comments  through  your  unit  trainer  or  OJT 
.supervisor.  If  voluntarily  enri>lled  student,  send  questions  or  comments  to  ECl  on  ECl  Form  17. 

1.  Don't  tisc  answer  sheets  other  than  one  furnished  specifically  for  each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  cxeept  to  fill  in  marking  blocks.  Double  marks  or  excessive  markings 
which  overflow  marking  blocks  will  register  as  errors. 

^,   Don't  fold,  spindle,  .staple,  tape,  or  mutilate  the  answer  sheet. 
4.  D<m'i  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

NOIIC:  NUMBEREI)  LEARNINCi  OBJEC  ITVE  REEERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  Hem  number  on  the  VKI:  is  the  I.t'tiniitii: 
Ohfnuvt'  Niiniht'f  where  the  aiiswei  id  thai  item  can  be  locaicd  When  answcniii'  ihe  iicins  on  the 
VUr  .  icfcr  li>  ihe  I.t'ttniitii:  ( ^/v<  <7/r<  N  mdii  aicd  by  Ihcsc  ^nnihrrs  I'hc  VKI-  u-siilis  w  ill  be  scni  lo 
yon  i>i;  a  postcard  which  wjll  lisi  the  tu  timl  VKI-  iictn.s  \t*n  nii.wfd.  Ct>  id  ilu-  VKI-;  booklei  and 
locale  the  l^mrninii  Ohjct  /iw  Nunihcr.s  for  the  items  missed.  Cio  lo  the  text  an*.!  carclully  review  tlie 
areas  covered  by  these  referc.jes.  Review  the  entire  VRH  again  before  you  take  the  closed-book 
Course  Examination. 


MULiiPi.i".  cnoKi-: 


Note  tt*  S/iuU  nt:  Consider  all  choices  carclully  and  select  the  hrst  answer  to  each  question 

I .   t  AOl )  What  is  the  Ibrcc  that  moves  electricity  through  a  circuit? 

ii.  Ohnr  c.  Voltage, 

h    Amjxrrc.  d.  Cuneiii. 

2    (AO  I)  Select  tile  term  used  to  measure  the  flow  of  electricity . 

a    Ohm  c.  Current. 

I>    VDIiage.  d.  Am|>erc. 

^.   ( A()2)  A  transformer  type  of  arc  welding  machine  is  capable  of  producing 

a    altcrnatmg  current  (AC).  c.   direct  current  (DC)  with  straight  polaiity. 

b.   direct  current  (DC)  with  reverse  polarity.  d.   any  of  the  above. 

•I.   (  \i)2)  The  si/e  o!  electrode  holders  for  ate  welding  machines  is  tictermmed  b}  il;e 

a.  type  of  welding.  c.    amperage  capacity . 
Iv    voltage  ctmtrol .                                               d.   type  of  current  Used. 

.S.  ( A()3)  Dust  shi)uld  be  cleaned  out  of  an  arc  welding  machine 

a    with  soap  and  water.  c.   carbon  tetrachloride. 

b.  with  dry  compressed  air.  d.   by  dismantling  and  soakmg  it. 

6    ( AO  M  What  determines  how  often  moving  parts  of  welding  machines  are  lubricated? 

a     lyiH;  of  machine.  c.   Age  of  the  machine. 

b.   Dust  in  the  area.  d.   Number  of  operating  hours. 

7.  { A04)  In  a  four-digit  number  electrode .  what  does  the  third  digit  designate? 

a.  Recommended  position  c.   Tensil  strength. 

b.  Type  of  current.  d.   Ampere  rating. 

X.   t.'\t)4)  What  is  the  number  of  the  digit  which  indicates  that  an  electrode  can  be  used  for  wcldmg  in  any  posituMi* 

.1    loiii  c.  Two. 

b     Ihrce.  d  One 

( AO.S)  What  arc  the  three  types  of  coatings  on  electrodes? 

a.  Uarc,  clipped,  and  shielded. 

b.  Bare,  heavy-coated,  and  shicklcd. 

c.  Shicklcd  arc.  light -coated,  and  bare. 

d.  SDioklctl  arc.  hghl-ct>ated.  and  heavy -coated. 

#1. 

fO    (.'\0>)  An  ek\!n»dL  tnat  produces  a  gaseous  shielding  of  the  molten  metal  is  a 

a.   bare  electrode.  c.    mineral  coated  electrode 

b    llux  coated  clocinule.  d.   cellult^se  coated  electrode . 

1 1    ( At>^)  What  IS  the  most  miportant  safety  equipment  used  in  arc  wcldmg? 

a    (  lothmg.  c.   Welding  helmet, 

b    I  cathci  gin  es.  d.   Hlcctrode  holder. 

6  ti) 


ERIC 


( A07)  WluMi  wciiling  plate,  ihe  rate  ot  h;it\Iiicss  iruMVascs  as  iho 


1      pi'h  l  ilt  oj  C.il  hoil  IIU'UM» 
^     piTi'L'iil  o|  j^  aihtiM  ik'i  ie;»si's 


e.  cU-i'iriHle  ciiatmg  iiu'rvasos 
il    ek-L'tr(ulc  eoatnij;  (.kHTO.isi's 


(  \(»7)  lIu^lK-al  iiMiLicil  area  III  aiv  uoli! 


ling  will  ineivasc  irilu-  L  iincnt  is  ciMisiant  ami  the 


a  aic  length  inereases. 
iv    .ue  leiiglh  ikxivases. 


c.  wekiiiig  speed  mereases. 

d.  voltage  dee  leases. 


( AOH)  When  you  and  padding  with  nuihilayer  beads,  the  part  slu)uld  be 

a.  aiU)wed  to  eool  slowly  between  layers. 

b.  quenelicd  only  after  completely  padded. 

c.  cleaned  and  quenched  after  each  layer. 

d    quenched  often  enough  to  eliminate  excessive  heat. 

(AOS)  lh>w  should  you  reduce  the  possibility  of  crater  cracks  at  the  edges  of  the  work  when  padding  ? 

a.  Quench  each  bead  immediately, 

b  hlncircle  the  edges  with  beads, 

c  Weld  from  both  edges  to  the  center, 

d  l\>st  heat  after  padding  is  completed. 

I  A()*>.»  At  tlie  stiit  t  of  an  arc  on  lap  it)ints,  it  is  iniponant  to 

.1  w^  ld  lowaitl  the  ctigc. 

i>  guaitl  against  undercuttmg. 

c.  hold  a  lonj:  arc  to  insure  penetration. 

d.  ht»Id  a  short  arc  to  ensure  penetration. 

( A0^>)  Stress  can  he  cimcentrated  at  points  in  lap  joint  welding  when  yt^u 

a    create  a  Hal  weld  face.  e.   t)verlap  the  edge  i)f  the  weld, 

h.    undercut  the  toe  of  the  weld.  d.   do  all  of  the  above. 

(AlO)  When  using  multiple-pass  welds,  what  does  reheating  of  the  lower  layer  of  weld  permit? 

a.   CJrain  refinement.  c.    Formation  of  hard  spots, 

h    Formation  of  stresses.  ti.   All  of  the  above. 

(AlO)  FVneiration  can  be  obtained  at  the  beginning  of  a  butt  joint  by 
a    back  welding. 

l>    holding  a  long  arc  momentarily. 

I     sinking  (he  are  and  decreasing  the  arc  length  as  quickly  as  possible, 
d    preheating  the  edge. 

(All)  How  IS  the  electrode  held  when  welding  tee  joints  in  the  horizontal  position 

a.  At  a  30  degree  angle  to  the  plates. 

b.  At  a  43  degree  angle  to  the  weld  bead. 

c.  At  a  4.^  degree  angle  to  the  plate  surface. 

d.  hiclined  20  degrees  in  the  direction  of  travel. 
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(  A  I.M  I  low  i  ;in  yo\i  prevent  ovciluMtinj:  or  uiulert  iillin^  ilu-  eJi^e  ol  a  llnnnei  pki(e  in  j  veilK  al  lap  imni  ' 

a  I  Ki-  a  weave  haml 

h  Ki  iUice  ihe  currcni  1  !ov\  iiU>()anips. 

I  I  k>lil  ihc  eleeirodc  a(  MO  degree^  to  the  plate 

il  VVash  the  molten  nielal  to  the  edge  of  the  plage 

(  M  ^)  Whieh  (ypLM)t  eleeirode  is  best  suited  for  vcnical  position  welding? 

^Icavy-eoaled  and  reverse-polarity. 
U    AC-high  IVeqiieney.  d.    Heavy-Boated  and  straight-polarity . 

(A  I      I  o  weld  vcitieal-up.  ihe  cleeln>de  is  held 

a.    I  5  deuiees  down  (are  end).  4.S  degrees  up  (are  end), 

h     ^0  degrees  to  horizontal.  d.   ')()  degrees  to  surtaee. 

(A  14)  What  leehnique  aids  in  eontrol  of  mokcn  metal  when  making  r\  fillet  weld  in  the  vertical-down  position? 

a.  I  .'^  degrees  up  and  hold  a  short  arc. 

h  1  .S  degrees  up  ami  move  in  a  triangular  motion. 

i  MO  degrees  Irom  plate  and  short  are. 

tl  MO  degiees  Irom  platr  and  slow  speetl 

(All)  I  low  IS  aneleeirode  movetl  lo  weld  a  lap  joint  m  the  vertical  position* 

a    Whipj)mg  nu)tion.  c.    Reeiangular  motion . 

i)     Triangular  motion.  d.   Semicircular  motion . 


\  A      A  large  p<M)|  of  weld  deposit,  which  is  hard  to  control,  is  caused  by 

a.   excessive  weaving.  e.   excessive  current. 

1).   slow  motion.  d.   all  t)f  the  above. 

(A  16)  Stainless  steels  that  only  contain  chromium  are  undesirable  when  welded  because  ol  the  lack  of 

a.   iluctihty.  e.   tensile  strength. 

1).   corrosion  resistance.  d.   yield  strength . 

( A  K))  The  compt>silion  of  electrodes  used  for  are  welding  stainless  steel  affects  corrosion  resistance  and 

a    shear  strength.  e.    impact  strength. 

!)    tensile  strength.  tl.   eolor  appearance. 

( Al  7i  Wlucli  [mKCtlure  is  used  to  relieve  strains  developed  when  wcklctl  cast  iron  u>ints  are  cooling.* 

a    iVenmg.  l  .   Quenching  quickly  in  (»il. 

b    S\i\\  an  cooling.  ti    Post  heating  oinrraiions. 

(AI7)  Which  of  the  following  procedures  should  you  use  to  protect  against  overheating  the  joint  uhon  ucidm 
cast  iron  .' 

Skip  procedure.  Intermittent,  short  stringer  heads. 

h    fiack  step  procedure.  d.   All  of  the  above 


(A  IS'  When  \[  l^ccvMoes  necessary  to  quench  hard-surtaced  deposits,  what  should  you  use  as  the  quenchi 
m-.-iliii  * 

.1     Hr.ne.  e.  Water. 

d.  Alcohi^l. 
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^  •    \.'\  IX)  Ik-lore  hcat-lrcarL-d  slccls  can  be  haril-surtaLL\l.  lhc>  luusi  he 

d.  hcal-uvaicj. 

U    (AIM)  DircLl  current.  straiglH  polariiv  is  used  tor  nieiallte  and  carbon  arc  cullni^i.  be.  ausc 
a     i(  devclop.s  a  liiiW^-r  heal  al  the  base  nicial. 
b    llic  arc  is  easier  lo  start,  maintain,  and  et)ntrol. 
<  .   a  lusher  cunenl  can  be  used. 

d    there  is  less  chance  ol  electriea!  shock  to  the  operator. 
( A  I '))  What  IS  the  ^leatcsi  advantage  ol  usin^  arc  an  cutting  opcivJion  to  groove  a  heavy  plate  ' 

;     11'^'  ^'^J^-  be  adjusted  opciation  rcMuiied  only  single  plutsc  |)ouer 

b     I  he  ii)int  does  not  necil  grind  ium  chip  d     All  ol  die  above 

.U>.   I  a:())  What  IS  the  ditiereiice  belvveen  lungstui-incri  ga.s  iMC^)  and  inetal-incri  gas  (MK  ;)  wdding  pio.vssrs 
a    MKi  u.ses  a  consuniahle  electrode, 
b.   A  Tiller  rod  may  he  used  v\,ith  TIG. 
c     TICi  is  designed  tor  light-vvallcd  objects, 
d.   AH  ol  the  above. 

n.  (A2())  What  is  the  purpo.se  of  the  men  gas  in  the  gas  shield  welding  process? 

?'^>P^-^>vidcanuxingagent.  To  protect  the  ueld  and  Huxed  area 

h.    I  o  lorm  a  protective  blanket.  d.   To  provide  better  fusion  and  penetration. 

{  A2())  What  inert  gases  are  used  as  shielding  gases  in  TIG  and  MIG  welding. 

Aigon  and  helium.  Agron  and  nitrogen. 

Iv   Argon  and  hydrogen.  cl.   Helium  and  hydrogen. 

(  AjI  )  Select  the  characteristic  of  helium  that  makes  it  undesirable  for  welding  thin  material. 
^'''P'n.iiesinii.  Reduced  penetration, 

b    High  heal  per  ampere.  ,1.   Cloudiness  produced  when  welding. 

40.  ( .\22)  I  he  type  and  size  of  ceramic  tile  cup  depends  upon  the 

a.   vohageu.sed.  alloy  of  the  electrode, 

b    amperage  used.  diameter  of  the  electrode. 

41 .  i  .\22)  Which  of  the  following  should  be  u.sed  to  obtain  a  weld  with  deep  penetration  and  a  narrow  bead? 

a.  Alternating  current.  Alternating  current  with  hit:h  frequencv 

b.  Direct  current  with  straight  polarity.  d.    Direct  current  with  reversc^polarity .  ' 

42.  i  A2.M  One  important  factor  while  welding  stainless  steel  is  to  obtain  proper  fusi.Hi  and  a  reduction  of 

a.  warpage.  ^.    number  of  tacwelds. 

b.  welding  speed.  carbide  precipitation. 

4.V   ( A23)  W"    is  inert  gas-shieldcd  welding  preferred  to  the  oxyaeetylenc  welding  of  stainless  steel? 
a    Wa    ing  and  oxidation  are  less  with  ineil  gas-shielded  welding, 
b    ( )\yacelylene  welds  do  not  produce  the  desired  coK>r. 

c.  l-astcr  welding  speeds  arc  u.sed  with  the  inen  gas-shieldet  welding, 
tl.   1  .ess  heat  is  required  with  inert  gas^shielding  welding. 
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44.   (A24)  When  sclli.i^  a  l  K i  machine  \\n  welding;  .(WO-ineh  sled  wilh  a  watet -ciuik'il  loich.  ihe  cIccIukIc 

a.  cMemls  1/4  -         inch  past  fhc  Lup. 
h.   inusi  Ix:  ciil  sharp  and  clear. 

c    extends  .040  inches  past  the  cup. 
ii.   should  be  vertical. 

4.5.   ( A2 1)  When  welding  an  edge  joint  stainioss  steel ,  (he  sliielding  gas  is  allowed  to  \Un\  over  the  welded  joint  until 

a    (he  color  changes,  c.   a  black  heat  is  obtained. 

b.  the  weld  is  irritaied.  d.   carbide  precipitates. 

46.   (A2.S)  Where  should  you  strike  the  arc  to  avoid  overlap  when  restarting  a  weld  on  a  s(ain!ess  s(eel  bu((  joini 
using  (he  *ri(i  process? 

a.  Behind  (he  terminated  weld.  c.   At  (he  beginning  of  the  wc  '1. 

b.  Ahead  o\  (he  (erminated  weld.  d.    Where  welding  was  terminated. 

47    (A2.S)  Where  is  the  arc  struck  when  making  a  butt  joint  oi\  stainless  steel  with  a  I'Ki  (orchV 

a.   On  a  copper  plate.  c.    At  ilic  e<lge  of  the  jinnt. 

b    On  a  lack  weld.  d.    Near  center  and  nuwcd  (iUhe  edge. 

4H.   (A2(i)  When  I  Ki  welding  a  corner  .n)int  in  stainless  steel,  what  must  you  i\o  \o  ob(aiii  proper  lusioit  and 
|x:netration? 

a.  Use  extra  h)ng  arc.  e.   Shear  the  edges. 

b.  IX)  not  space  the  joint.  d.   Prepare  the  edges  properly. 

40.  I  A2r>>  H<»w  should  stainless  steel  be  prepared  for  a  lap  joint  using  TIG  welding  .^ 

a.  V  gn>ove  the  top  edge  only.  C.   Square  top  edge  only  and  remove  burrs. 

b.  Square  the  edges  and  remove  burrs.  d.   V-groove  the  edges  for  better  penetration. 

,50.  ( A26)  When  high-quality  weld  is  necessary  on  TIG  welded  aluminum  alloy,  use 

a.  men  gas  backup.  c.   the  Hat  pc^sition  only . 

b.  sioel  heat  sink  d.   all  oflhe  above. 

.51 .   I  A27)  While  i  Ki  welding  ow  tUuniinum,  the  liiler  rod  is  added  to  the 

a.  clcclroile.  ly^^uj         ol  the  nu)lten  ptiol. 

b.  bouomofthearc.  d.   uphill  side  of  the  molten  ptxM. 

.52.  ( A2H)  What  is  the  preferred  extinguishing  agent  for  magnesium  fires? 

a.   Water  c.   Sodium  nitrate. 

^    Dry  sand.  d.   Graphite  base  powder. 

.5.V  ( A2y)  Under  ideal  cc^nditions.  the  welding  of  titanium  should  take  place 

a.  inan  ir.c.ngasch;rr:ber.  c.    in  a  controlled  shop  atmosphere 

b.  using  (he  projvji  .  .,  Ving  fixiures.  d.   in  a  controlled  Hight  line  situation. 

54.  ( A2*))  What  cnuse.v:  vast  characteristic  changes  in  titanium  during  a  weldmg  project? 

a.  Rapid  iieatir.g  ai.d  co'.>Iiiig.  c.   Any  temperature  above  800  decrees  F. 

b.  Absorbtionol  oxygen  or  nitrogen.  d.   Oxidation  causes  harness  at  the^ edges. 


S*'*     I  A  M))  NaiiK' ihc  (luce  gi  >ups  oi  supci  alloys. 

lion  hasc.  cobalt  base,  .uul  nickel  bnsi* 

b.  Carbon  base,  sjluon  base.  .muI  non  oa^c, 

c.  Nickel  base,  clironnuii  base,  aiul  uon  base. 

t\    Steel  liase.  ctipperhase.  ami  niagne^unn  base. 

iA."^t))  What  super  alloy  is  used  lor  burner  liner  pails,  uirbine  exhaust  vvcldmenis.  and  other  parts  reqiiinnL: 
oxidaiuM^  resistance 

a.  C'hnuiioh)y.  c.  Alloy 

b.  Ilastelloy-X.  d.    N- 155  alloy. 

57.   <A.^I  )  T<»  weld  on  A-2X6  »dlo\  oi  1  4-inch  thickness,  what  type  inert  gas  \sould  be  used 

a.  Aigtui.  c.  Argon-heluini. 

b.  lleliuni.  il.   1  Lnigslen-mert . 

5H.   <  A.^l )  Alter  welding,  an  Hem  maile  Iroin  chnimolo)  must  be  post  heated  iinineilialelN  to 

a.   relieve  stress.  c.    nnnnali/e  tusion  at  the  ueUI  area. 

|)    Mu  lease  strength.  prevent  quick  siiliddication 

59.   <  A32)  Wh.il  is  the  primary  tin)!  used  to  align  pipe  sections  tor  a  butt  weld'.^ 

a.  Angle  iron.  e.  Straightedge. 

b,  C'hiinnel  ia^n.  d.   Pipe  lineup  clamp. 

t  A.^2)  Which  of  the  following  is  the  specified  direction  for  butt  welding  pipe  m  a  fixed  horizontal  position? 

a.  liackhand  method  only .  c.    Downward  method. 

b.  l-orchand  melht>d  only.  d.   Any  of  the  above. 

f>l .   ( A33)  When  multilayer  welds  arc  required  on  a  pipe  weld,  the  starting  and  ending  pomis  of  each  pass  should  be 

a.  staggered.  c.    in  line  (stacked  up). 

|i    passed  i>ver.  d    liKated  at  or  near  the  lop. 

()2.   (A  ^^)  When  weKiing  joints  or  pipe  with  unequal  thickness,  you  must  direct  the  are  so 

a.  the  thicker  piece  melts  and  tuses  with  the  thinner  piece. 

b.  the  thin  piece  melts  onto  the  thicker  piece. 

c  that  it  heats  the  thick  piece  to  a  temperature  suiticient  to  melt  the  thin  piece  on  cimlact. 

d.  both  pieces  being  welded  are  heated  to  the  same  tempernture. 

6.^.   (A.U)  What  ty|>c  i>f  welilcd  joint  is  recommended  for  stainless  steel  .^ 

a.  Sharp  vee  joint.  c.    Rolled  edge  joint . 

b.  Vee  groDve  n>int.  il.   CiMisumable  insert  loini 

64.   ( A-U)  Besides  a  thorough  cleaning  ot  joint  edges,  what  else  should  be  accomplished  prior  to  welding  pipe? 

a.  The  pipe  should  be  purged. 

b.  The  edges  should  be  fluxed  thcoughly. 

c.  The  edges  should  be  dipped  in  an  -jcetic  acid  compound, 
il.  The  pipe  should  be  preheated. 
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<>S    (A.VS)  The  purpose  o!  a  .snug  til  ol  the  edges  ol  stainless  steel  pipe  whcntee  jomi  welding  is  lo 

;i.  allow  Tor  more  thorough  eleanmg. 

h  priKJuee  a  eonenve  weld  bead  lor  better  hold. 

e  alh>w  Cor  proper  [KMietration  and  prevent  burn  through. 

il.  aeei>inplishall  ol  ihc  above. 

M\    (A  \S)  The  a>n!our  oflhe  rcinlbrecmenl  of  the  pipe  weld  should  he 

.1.  convex  anil  not  wider  than  the  wall  thickness, 

h.  concave  with  a  width  ol  twice  Ihc  wall  thickness, 

e  Mat  (snu)oth  with  [)ijKM  loi  a  good  looking  joint, 

il.  c«>ncave  with  a  slight  overlap. 

A7.  ( A  U»  While  welding  stainless  steel  in  the  vertical  position,  you  must  use  special  technique  to 
a    atld  liller  rod  correctly.  c.   ensure  fusion  at  the  root, 

b    compensate  lor  gravity.  j.   avoid  under  cut  and  overlap. 

M.   <AU>)  When  welding  stainless  steel  pipe  in  the  overhead  position,  how  is  a  '  lou  slow^  wcldini:  sn.ed 
iiuheatetl?  ' 

a.   I:xcessive  buildup  on  top  ol  the  pipe. 

b    hxeessive  penetration  inside  the  pipe. 

e    Reduced  carbon  smoke  emitted  from  the  weld  area 

d.    I-:.\cessive  buildup  on  top  and  reduced  penetration  on  insule  of  the  pi|v. 
f>*>    (A  M)  What  solvents  can  be  used  to  clean  alumiiuim  pipe  joiius  before  welding? 

a    Naplha.aeeUme.orMKK.  c.    AlCi>hol.  naplha.  t»r  acetone 

b    Aei.ume.  alcohol.  orMJiK.  d.    Naptha.  water,  or  chromic  acid. 

70    iAM)  When  using  direct  current  straight  polarity  for  welding  aluminum  alloy  pipe,  what  type  v>f  electrode  and 
shielding  gas  should  be  used 

a.  Pure  tungsten  electrode  and  helium  shielding  gas. 

b.  Two  [KTcent  thoriated  tungsten  electrode  and  helium  shielding  gas. 
c  Pure  tungsten  electrode  and  argon  shielding  gas. 

*l.  Pure  tungsten  or  two  percent  thoriated  tungsten  electrode  and  argon  shielding  gas. 
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MC  I'd  SL'H  \  EY 

^  \  Ik  sni)n\  (  I IVS  •  I      i  ,i(c  iu«i  \\\\  \  o(  ih^-  N  iWuiiK'        t.-v^  i         r  e  t  \  1^1  »    1 1  .  •    .  )•!  •  ^l un^s  .n 

a  vt»luni.ny  Al(VI-.C*|  sui\v\     Usui}'  a  luimhiT  1  |K'IUiI.  huIk.iu  \shai  >i>u  consnk-i  U\       ihc  appn^pnalc 
ft  vptmse  ui  Liu  li  survey  tpiesiiou  t)n  \t)ui  ans\sei  sIkvi  (I  (*(  I  tuin  n*^).  hemndine  v\  uli  .msw^i  luiiniK-r  l?s 
'       •  »f  n<'iul  In  quesMt>ns  ihai  dt^  iu)i  appl\  lo  ymi.  \o\\y  v.oopeiaUi>u  m  enmplv-iuiL:  tlir.  siu  \e\  is  I'u 
•  >auil  h>  AlCam!  IXI.       ( Al  SC  N  11)0) 

!•  <l\  \(  V  A(  r  S  I  A  I  i:\lKM 

A     Aiilh»)tily.  S  r  S  (■    U)l  ,  DcihinnwUdl  f\('v;nl<iihm\ 

It    Pnneipal  Ptiipose:   I  n  ualh     preliininary  »Lna  cv  aluaimi:  ihe  A  TCl-.C  "!  (  .tnx  i  I  )evel<»pnKMil 
(  lUiisc  (CDC)  Prt)^r;iin 

C.  koimne  Uses:  Delerniinc  Ihe  requirement  lor  ei)n)j>rehensi\'e  evaluations  m  suppoa  o!"  CDC 
proj:rani  inipro venient. 

D.  Whether  Disclosure  is  Mandatory  or  Voluntary:  Participatioti  ui  this  sur\e\  is  entirely  voluntary. 

Iv    l-;rreel  on  the  Individual  of  not  ProvidniLz  Int'orniat ton:  No  adverse  action  w  ill  he  taken  against 
any  nulividual  wht)  elects  nt)t  it>  j>arijej[>ate  in  an\  thrall  [xirts  ol  tins  survey. 

(}(  /..S770.V.S 

125.   If  you  ha\e  contacted  EC!  for  any  reason  during  your  enrollment,  how  would  you  describe  the 
service  provided  lo  you? 

a.    F-xeclienL  c.  Unsatisfactory. 

i>.   Satislactory.  d     i:)ul  not  eonluct  HCl. 

I  My  \  (  \  course  materials  were  received  williin  a  reasonable  perunl  of  linic. 

a    Sliotjyly  ;igice.  Disa^jtve. 

h.   Aj:rec.  il.   Stronyly  disaviree. 

127.    I'lic  condition  of  the  course  nialerials  I  receiv-cti  iVoin  IvC!  was: 

a.  A  complete  set  of  well-packaged  materials. 

b.  An  inci>rnpletc  set  of  wcll-packagcd  materials, 

c.  A  complete  set  of  poorly  packaged  materials. 

d.  An  mcomplele  set  of  poorly  packaged  materials. 

I2S.   The  reading  level  of  the  material  in  the  course  was  loo  difficult  forme. 

a.   Strongly  agree.  c.  Disagree. 

^-   Agree.  d.   Strongly  disagree. 

1 29    *riie  technical  material  in  the  course  was  loo  dil fieult  for  me  at  my  present  level  of  training. 

a    Strongly  agree.  c.  Disagree. 

Agree.  J.   Strongly  disagree 

I  U)     riu'  illustrations  in  the  course  liclpetl  clat  ity  the  uilormalion  lor  me. 

a    Strongly  agree  c  Disagree 

^    Agree.  j.    Strongly  disagree 

131.   Approximately  how  much  information  in  the  course  provides  general  information  about  vour 
Al-S(^.> 

I  a,   HelwecnK()and9V%,  Between  40  and  f599r . 

f  b.   Between  6()  and  79%.  d.    Between  20  and  39Vr. 
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I  V.    ApprnMinaicly  how  much  intt>rin;ihon  in  this  course  was  curu  iu? 

,1    lieiwccn  SO  and  WV<>.  c.    IkMwccn  4t)  and  39' . 

b.   Mclwcen  60  and  79%,  d.   nctwceo  2t)  and  M^/r 

\^^     I  hc  lormal  ol' the  icxt  (objective  followed  by  narrative  and  exorcises)  helped  nie  study. 

a.  Strt>ngly  agree,  c.  Disagree. 

h.   Agree.  Strongly  disagree, 

\M.    I  he  vt>lume  review  excrcise(s)  helped  nie  review  information  in  the  course. 

a.  Su\>ngly  agree.  c.  Disagree. 

b.  Agree,  d.   Strongly  disagree. 

I3S.  t'heck  ihe  rating  which  most  nearly  describes  the  usefulness  of  the  information  in  this  CDC  in 
youi  upgrade  training  program. 

a.   I'lxeellenL  c.  Marginal. 

h.   Salisfaetorv.  d.  Unsatisfaeiory. 


NO'lTi:  H  you  know  this  CiX.'  contains  outdated  mformaiion  or  does  not  provide  (he  knowledge  that 
the  eurreni  sjxrciaiiy  Iruining  standard  requires  you  have  for  upgrade  training,  coniaei  your  OVV 
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Preface 


THIS  VOLUME  provides  you  with  the  knowledge  about  the  foUovang  subjects:  first  aid 
techniques,  field  hygiene  and  sanitation,  work  party  security,  and  convoy  techniques. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identificatio*.  only  and 
should  be  of  no  concern  to  the  student. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this  volume 
to  the  course  author:  3770  TCHTG/TTGIC,  ATTN:  MSgt  Arnold  D.  Ringstad,  Sheppard 
AFB  TX  67311.  If  you  need  an  immediate  response,  call  the  author,  AUTOVON 
736-2879,  between  0800  and  1600  (CST),  Monday  through  Friday.  (NOTE:  Do  not  use 
the  suggestion  program  to  submit  changes  or  corrections  for  this  course.) 

If  you  have  any  questions  on  course  enrollment  or  administration,  or  any  of  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  .Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  this  person  cannot  answer  your  questions, 
send  them  to  ECI,  Gunter  AFS  AL  361 18,  preferably  on  ECI  Form  17,  Student  Request 
for  Assistance. 

This  volume  is  valued  at  18  hours  (6  points). 

Material  is  this  volume  is  technically  accurate,  adequate,  and  current  as  of  July  1982. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  Is  developed  by  a  series  of  student-centered 
objectives.  Each  of  these  carries  a  three-digit  alphanumeric  number  and  Is  In  boldface  type. 
Each  sets  a  learning  goa;  for  you.  The  text  that  follows  the  objective  gives  you  the  Information 
you  need  to  reach  that  goal.  The  exercises  following  the  Information  give  you  a  check  on  your 
achievement.  When  you  complete  them,  see  whether  your  answers  match  those  In  the  back  of 
this  volume.  If  your  response  to  an  exercise  is  Incorrect,  review  the  objective  and  Its  text. 


First  Aid  Techniques 


SOMEDAY  YOU  may  save  someone's  life — possibly  your 
own — if  you  know  how  to  give  first  aid.  You've  heard 
similar  statements  many  times  before,  but  don't  take  such 
statements  lightly.  A  little  effort  on  your  part  right  now  could 
mean  that  one  of  your  buddies  will  not  lose  a  finger,  a  leg,  or 
his  life  later. 

1-1.  ResponsiblKtles 

Since  your  job  takes  you  to  so  many  remote  locations 
around  the  base,  you  may  be  the  only  one  at  the  scene  of  an 
accident  or  another  emer[^  acy .  One  of  your  first  obligations 
is  to  render  aid  to  those  who  are  injured.  Your  actions  in 
treating  a  casualty  must  be  immediate,  thorough,  and 
correct. 

COl.  State  your  responsibilities  as  a  first-aider. 

Fundamentals  of  First  Aid. 

As  an  airman,  you  have  important  reasons  for  learning  first 
aid.  Proper  first  aid  may  mean  a  vital  mission  accomplished, 
rather  than  mission  not  accomplished.  Learn  how  to  give  first 
aid;  you  can't  afford  not  to. 

You  can  easily  learn  the  fundamentals  of  first  aid.  Highly 
technical,  involved  study  is  not  necessary  to  become  a 
capable  first-aider.  You  can  improve  your  handling  of 
emergencies  just  by  acquainting  yourself  with  the  procedures 
of  first  aid. 

You  should  discuss  the  procedures  outlined  ?n  this  chapter 
with  other  airmen.  You  should  use  the  "buddy  method"  to 
practice  the  various  steps  outlined.  You  can  learn  a  lot  more 
by  actually  applying  a  splint  to  an  arm  than  you  can  by  just 
reading  about  it. 

You  should  familiarize  yourself  in  first  aid  measures  for 
injuries  such  as  fractures  and  chest  wounds,  for  emergencies 
such  as  drowning  and  electric  shock,  and  for  common 
emergencies  such  as  minor  wounds  and  unconsciousness. 
You  should  learn  as  much  as  you  can  about  first  aid  measures 
for  sickness  and  injury  resulting  from  industrial  toxic 
substances. 

Very  important  are  procedirres  dealing  with  assuring 
breathing,  preventing  or  treating  shock,  first  aid  for  electric 


shock  oi  drowning,  poisonous  plants,  the  effects  of  heat,  and 
the  effects  of  cold.  While  studying  these  topics,  keep  in  mind 
that  skin  color  changes  may  be  too  subtle  to  recognize  if  the 
patient  is  darkly  pigmented.  Therefore,  it  is  necessary  to 
carefully  observe  the  injured  for  these  changes  on  the  palms, 
soles,  nail  beds,  mucous  membi*anes  of  the  lips  and  mouth, 
and  mucous  membrane  which  lines  the  eyelids  and  is 
reflected  onto  the  eyeball. 

As  you  know ,  first  aid  refers  to  the  treatment  given  the  sick 
and  injured  before  a  trained  individual  can  administer  regular 
medical  or  surgical  treatment.  Personnel  in  the  Air  Foice 
medical  service  have  the  finest  medical  equipment  available, 
and  they  are  trained  in  the  most  modem  methods  of  saving 
lives  and  easing  pain.  But  they  can't  be  everywhere  at  once, 
so  in  an  emergency  you  may  have  to  depend  upon  your  own 
knowledge  of  first  aid. 

The  good  first-aider  deals  with  the  whole  situation — the 
person  as  well  as  the  injury.  When  giving  first  aid,  a  person 
who  lacks  sufficient  knowledge  could  possibly  cause  even 
further  injury  to  an  injured  person.  Anyone  attempting  first 
aid  must  use  care  and  s'ull. 

In  practicing  first  aid,  your  primary  duty  is  to  know  what 
to  do  and  what  not  to  do.  You  must  keep  calm,  use 
appropriate  first  aid  measures,  and  seek  medical  help  as  soon 
as  possible.  Never  attempt  treatment  that  is  beyond  your 
skill,  and  never  move  an  injured  person  unless  absolutely 
necessary. 

Exercises  (COl): 

1.  As  a  first-aider,  what  areas  should  you  familiarize 
yourself  with? 


2.  What  are  alternate  methods  of  determining  skin  color 
changes? 
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3.  What  is  your  primary  responsibility  when  practicing  first 
aid? 


1-2.  Lifesaving  Steps  of  First  Aid 

When  you  treat  a  victim,  you  must  carry  out  four 
lifesaving  steps.  Memorize  these  steps  and  learn  the  simple 
methods  of  carrying  them  out.  Bear  in  mind  that  prompt  and 
correct  first  aid  not  only  speeds  healing  but  may  also  save  a 
life. 

C02*  Name  the  four  lifesaving  steps  of  first  aid,  and  state 
why  cutting  or  tearing  is  usually  the  best  way  to  remove 
clothing  from  the  area  near  a  wound* 

Four  Lifesaving  Steps.  To  treat  an  injured  person,  you 
should  carry  out  what  is  known  as  the  four  lifesaving  steps. 
These  steps  are:  assure  breathing,  stop  the  bleeding,  protect 
the  wound,  and  prevent  or  treat  shock.  You  should  memorize 
these  four  lifesaving  steps  and  learn  the  simple  methods  of 
carrying  them  out.  Now  is  tiie  time  to  learn  how  to  do  this. 
Prompt  and  correct  first  aid  not  only  speeds  healing  but,  as 
emphasized  before,  may  save  a  life. 

To  treat  a  wound,  begin  by  looking  carefully  at  it — but 
don't  touch  it.  Look  to  see  if  there  is  more  than  one  wound.  If 
the  patient  has  been  hit  by  a  flying  fragment  or  other  missile, 
check  to  see  if  the  missile  came  out  the  other  side,  a  condition 
which  would  require  treatment  of  a  second  area. 

You  must  see  all  of  the  wound  to  find  out  exactly  where  it 
is,  how  large  it  is,  and  how  much  it  is  bleeding.  Usually  the 
best  way  to  remove  clothing  is  by  cutting  or  tearing.  Pulling 
clothing  over  the  wound  increases  the  danger  of  infection, 
and  moving  the  wounded  part  may  make  the  wound  worse, 
as  well  as  cause  needless  pain. 

If  possible,  cover  the  wound  to  prevent  further 
contamination  and  then  treat  for  shock. 

Exercises  (C02): 

1 .  What  are  the  four  lifesaving  steps? 


2.  Why  is  cutting  or  tearing  usually  the  best  way  to  remove 
clothing  from  the  area  near  a  wound? 


C03.  From  a  list  of  statements  about  assuring  breathing, 
identify  the  true  statements,  and  state  briefly  why  the 
others  are  false* 

Assure  Breathing*  When  a  victim  can't  breathe,  any 
other  action  you  take  is  of  little  value  because  a  lack  of  air  can 
quickly  cause  a  victim's  death.  Thus,  you  must  see  whether 


the  air  passageway  (airway)  is  blocked;  if  it  is ,  you  must  clear 
it  and  keep  it  clear. 

Check  for  ainvay  obstructions.  There  are  three  main 
causes  for  airway  obstructions.  The  first  is  foreign  matter, 
such  as  false  teeth  or  liquids,  in  the  mouth  or  throat.  The 
second  is  caused  by  relaxation  of  the  jaw.  When  the  victim  is 
unconscious,  the  jaw  muscles  relax  and  sometimes  allow  the 
tongue  to  roll  backward  and  block  the  throat.  This  is 
commonly  called  swallowing  the  tongue.  The  third  cause  of 
airway  obstruction  is  the  victim's  neck  position.  For 
example,  when  a  victim's  chin  is  close  to  the  chest,  the  neck 
is  bent  in  a  manner  which  **kinks"  the  throat,  thus 
preventing  the  passage  of  air.  You  must  be  sure  the  casualty 
is  able  to  get  air  to  the  lungs.  If  necessary,  you  must  clear  the 
airway. 

Clear  the  airway.  Clear  the  airway  quickly  by  sweeping 
your  fingers  deep  into  the  victim's  mouth  to  remove  froth, 
debris,  or  any  other  obstructing  matter.  Grasp  the  tongue 
with  your  fingers  and  pull  it  forward  so  that  it  doesn't 
obstruct  breathing.  Usually,  you  have  to  drive  your 
fingernails  into  the  tongue  in  onier  to  hold  it  firmly.  Then, 
look  into  the  mouth  to  see  whether  any  broken  teeth, 
splintered  bone,  or  other  particles  are  clogging  the  throat.  If 
so,  remove  them  by  any  means  available:  your  fingers,  a 
twig,  etc.  Don't  be  slow  and  careful  now — the  victim's  life  is 
ebbiing  out.  Scratches  you  might  make  in  the  throat  are  not 
going  to  kill  the  person,  and  the  scratches  can  always  be 
treated  at  the  hospital.  What  matters  is  to  get  the  airway 
cleared  immediately.  Anything  else  is  less  important  at  this 
time. 

In  some  instances,  it  may  be  necessary  for  you  to  ** tie"  a 
victim's  tongue  in  the  forward  position  widi  a  clamping 
device.  For  example,  if  you  were  atone  and  had  to  restore  a 
victim's  breathing  and  heartbeat,  you  could  not  possibly  hold 
his  or  her  tongue  at  the  same  time.  One  clamping  device  you 
can  use  is  the  clip  that  holds  yovr  canteen  to  your  web  belt. 
Another  is  a  safety  pin.  Clamp  the  victim's  tongue  to  the 
lower  lip  as  shown  in  figure  1-1.  When  the  victim's  airway  is 
cleared,  it  must  remain  clear. 

Keep  the  Ainvay  Open.  You  can  keep  the  airway  open  by 
placing  the  victim's  head  in  a  position  that  stretches  the 


Figure  1-1.  Clamping  the  tongue. 
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Figure  1-2.  Sword  swaUowing  position. 

throat  to  what  is  called  the  sword-swallowing  position  (see 
fig.  1-2).  Use  the  thumb  jaw  lift  method  or  the  two-hand  jaw 
lift  method  that  figure  1-3  illustrates.  Even  if  the  victim  is  on 
his  or  her  stomach  or  side,  place  his  or  her  head  so  that  the 
throat  is  stretched  away  from  the  chest  to  allow  air  to  pass  to 
the  lungs  (see  fig.  1-4).  "^Tien  someone  stops  breathing, 
establish  and  maintain  an  open  airway  at  once. 

Exercises  (C03): 

Identify  each  true  statement  by  writing  "true"  in  the  space 
provided;  briefly  explain  why  the  others  are  fedse. 


Figure  1-3.  Thumb  and  two  hand  jaw-lift. 
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Figun^  1--4.  Stretch  the  neck. 

1 .  A  victim  who  can't  breathe  will  undoubtedly  die  in 
a  short  period  of  time. 


2.  The  main  causes  of  airway  blockage  in  a  victim  are 
*ongue  swallowing,  neck  bending,  and  foreign 
matter  in  the  mouth  or  throat. 


3.  Of  more  importance  than  how  you  clear  a  blocked 
airway  is  the  fact  that  it  iv^  cleared. 


4.  In  some  situations,  a  victim's  tongue  must  be  held 
in  the  forward  position  by  mechanical  means,  such 
as  safety  pin  or  shoe  string. 

5.  Placing  a  victim's  head  in  the  sword-swallowing 
position  means  placing  his  chin  close  to  his  chest. 


6.  There  are  two  variations  of  stretching  the  victim's 
neck:  the  thumb  jaw-lift  and  two-hand  jaw-lift 
methods. 


7.  Checking  for  obstructions  and  opening  and 
maintaining  an  open  airway  are  the  primary  steps  of 
assuring  breathing. 
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C04,  Given  statements  about  a  bleeding  victim^  identify 
the  type  of  bleeding  and  the  best  method  to  control  the 
bleeding  in  each  situation. 

Stop  Any  Bleeding,  Similar  to  the  need  for  assuring  that  a 
victim  can  breathe  is  the  need  to  stop  any  bleeding — the 
victim's  life  is  at  stake.  A  person's  uncontrolled  bleeding  can 
result  in  severe  shock  and  death.  To  control  or  stop  any 
bleeding,  you  must  first  knew  the  three  main  types  of 
bleeding. 

Types  of  bleeding.  Types  of  bleeding  are  classified  by  the 
kind  of  blood  vessel  that  has  been  cut.  Therefore,  they  are 
called  arterial,  venous,  and  capillary  bleeding.  In  arterial 
bleeding,  the  most  dangerous  kind,  you  see  a  large  amount  of 
bright  red  blood  and  a  spurting  or  pumping  action  as  the 
blood  leaves  the  wound.  When  a  vein  has  been  cut,  causing 
venous  bleeding,  a  large  amount  of  dark  red  blood  flows 
from  the  wound  without  the  spurting  action  which 
characterizes  arterial  bleeding.  In  capillary  bleeding,  the 
blood  oozes  or  flows  very  slowly  from  the  wound. 
Remember  these  signs.  Your  doing  so  may  help  you  select 
the  best  method  to  stop  the  bleeding  of  a  victim. 

Controlling  bleeding.  Before  you  treat  a  bleeding  victim, 
first  check  to  see  whether  there  is  more  thar  one  wound.  It 
would  be  senseless  to  take  great  pains  to  stop  bleeding  from 
one  wound  while  the  victim's  life  was  draining  away  from 
another  wound.  To  stop  bleeding,  you  first  apply  direct 
pressure  to  the  wound.  Preferably,  use  a  surgical  dressing 
from  a  first  aid  pack;  but  if  one  is  not  available,  use  anything 
you  have.  Obviously,  you  want  to  be  sure  the  dressing  is  as 
clean  as  possible.  Place  the  dressing  directly  over  the  wound 
and  press  firmly.  Continue  this  pressure  as  long  as  necessary, 
and  use  additional  dressings  if  required.  If  the  wound  is  on 
the  arm  or  leg.  you  can  place  the  victim  on  his  or  her  back  and 
elevate  the  limb.  The  elevation  tends  to  reduce  circulation  to 
that  limb  and,  thus,  slow  down  the  flow  of  blood.  However, 
do  not  attempt  to  do  this  if  the  victim  has  other  injuries  on  that 
limb  (for  example,  broken  bones),  because  moving  that  limb 
could  cause  further  injuries  and  unnecessary  pain  and 
increase  the  danger  of  shock. 

Pressure  points.  In  addition  to  applying  pressure  directly 
on  the  wound  and  elevating  the  wound,  you  can  apply 
pressure  at  one  of  several  pressure  points.  Figure  1-5  shows 
the  location  of  these  point.  Place  your  finger  lightly  where 
you  think  the  pressure  point  is.  If  you  feel  a  pulse  beat  similar 
to  a  throbbing,  you  are  right  on  it.  Then,  use  the  heel  of  your 
hand  or  fingertips  your  to  press  hard.  Continue  this  pressure 
until  any  blood  gushing  from  the  wound  ceases.  If  you 
release  pressure  and  bleeding  starts  again,  reapply  the 
pressure.  One  warning  about  pressure  points:  in  cases  of 
head  wounds,  where  pressure  points  are  conunonly  used,  be 
sure  NOT  to  press  on  both  neck  pressure  points  at  the  same 
time.To  do  so  will  block  the  flow  of  blood  to  the  victim's 
brain  and  eventually  result  in  death. 

Tourniquet.  Use  a  tourniquet  only  as  a  last  resort,  and  only 
after  all  other  methods  of  controlling  the  bleeding  have 
failed.  Usually,  tourniquets  are  applied  only  in  cases  of 
extreme  arterial  bleeding.  Apply  a  tourniquet  only  when  you 
assume  that  there  has  been  a  great  loss  of  blood  and  that  any 
further  loss,  even  in  a  small  quantity,  will  be  fatal.  In  other 
words,  act  on  the  assumption  that  it  is  better  for  a  victim  to 


lose  a  limb  than  a  life.  As  soon  as  possible  after  you  have 
applied  a  tourniquet,  get  the  victim  to  a  hospital.  Under  no 
circumstances  should  the  tourniquet  be  loosened  by  anyone 
except  a  physician,  who  can  stop  the  bleeding  by  surgical 
Methods. 

When  you  apply  a  tourniquet,  always  place  it  near  the  joint 
(knee,  elbow)  closest  to  the  v/ound  and  between  the  wound 
and  the  heart  because  the  gushing  arterial  blood  is  coming 
directly  from  the  heart.  Tighten  your  tourniquet  only  as  much 
as  needed  to  stop  the  spurting  blood  flow.  Place  it  as  close  as 
possible  to  the  wound  but  above  it,  except  in  cases  of 
bleeding  below  the  knee  or  elbow.  In  these  cases,  place  a 
tourniquet  just  above  the  knee  or  elbow.  When  possible, 
protect  the  victim's  skin  by  placing  the  tourniquet  over  a 
smooth  sleeve  or  trouser  leg.  Figure  1-6  shows  the  exact 
procedure  for  applying  tourniquets.  If  at  all  possible,  stay 
with  the  victim,  and  check  the  tourniquet  frequently  to  see 
whether  it  has  slipped  and  whether  there  is  any  sign  of  further 
bleeding.  Should  the  bleeding  resume,  or  the  tourniquet  slip 
out  of  place,  tighten  or  readjust  it  as  necessary.  In  cold 
weather,  because  there  is  a  very  real  possibility  of  cold  injury 
to  a  victim's  injured  limb,  protect  the  limb  with  anything 
available:  a  blanket,  jacket,  etc. 

Again,  be  sure  that  the  victim  gets  qualified  medical 
treatment  as  soon  as  possible.  You  must  also  be  certain  that 
medical  personnel  can  see  that  a  tourniquet  has  been  applied. 
To  do  this,  you  could  write  the  information  on  a  piece  of 
paper  and  attach  it  to  the  vie ti  m '  s  c  lo thing ,  or  y ou  could  write 
the  information  on  the  victim's  forehead,  face,  or  other 
readily  seen  body  part. 

Exercises  (€04): 

1.  Maich  the  statements  in  column  A  with  the  types  of 
bleeding  in  column  B ,  and  with  the  best  method  to  control 
that  bleeding  in  column  C,  by  writing  the  column  B  and 
column  C  letters  in  the  space  provided.  Each  item  in 
columns  B  and  C  may  be  used  more  than  once. 


Column  A 

(1)  A  victim  has  blood 
spurting  from  a  lower  leg 
wound. 

(2)  A  victim  has  dark  red 
blood  coming  from  a  cut 
on  the  forehead. 

(3)  A  victim  with  a  wound  on 
the  upper  right  arm  is 
pumping  blood  past  the 
bone  fragments  sticking 
out. 

(4)  Blood  is  rapidly  flowing 
from  a  cut  at  the  left  side  of 
a  victim's  head.  Your 
efforts  at  direct  pressure 
have  failed. 

(5)  A  v:*;tim  has  a  large,  ugly 
open  wound  in  the  leg,  and 
blood  is  slowly  coming 
from  the  wound. 

(6)  A  victim  has  stepped  on  a 
board  with  a  nail  in  it,  and 
the  wounded  foot  has 
blood  cozing  out  of  it. 

(7)  Dismounting  from  the  bed 
of  a  pickup,  an  ainnan 
slipped  and  hit  his/her 


Column  B 

a.  Arterial. 

b.  Venous. 

c.  Capillary. 


Column  C 

A.  Direct 
pressure. 

B.  Pressure 
point. 

C.  Tourniquet. 
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Column  A 

chin  on  the  tailgate.  There 
is  a  doop  cut  on  ihe  chin, 
and  blood  is  flowing  from 
the  wound. 

(8)  An  accident  victim  has 
been  cut  on  the  left 
shoulder  by  a  piece  cf 
glass,  and  th*^  blood  is 
r  )wing  slowly  from  the 
wound. 

(9)  A  CE  c«»i .  ^miction  worker 
has  severed  tUiXiC  fingers, 
and  blood  is  vigorously 
flowing  from  the  wound. 

(10)  You  are  late  for  work. 
While  shaving  you  make  a 
deep  cut  on  your  check. 
The  blood  is  running 
smoothly  from  your 
cheek. 


C{}5.  vStatc  the  purjiosc  for  protecting  wounds,  and 
detuic  ''dressing''  and  "bandage/' 

Protect  the  Wound.  Protecting  a  wound  from  infection 
and  from  further  injury  constitutes  the  third  Hfesaver  step. 
You  must,  of  course,  keep  this  important  first  aid  measure  in 
mind  throughout  the  treatment  of  any  victim. 

A  dressing  is  a  pack  or  padding  placed  directly  on  the 
wound.  A  bandage  is  used  to  hold  the  dressing  in  place  or 
create  pressure  to  stop  the  tlow  of  blood.  Bandages  should 
never  be  placed  directly  on  the  wound.  Always  try  to  use 
sterile  dressings  from  a  first  aid  pack;  and  only  as  a  last  resort 
use  other  material  such  as  strips  torn  from  a  shirt.  While 
dressing  a  wound,  avoid  touching  ic  with  your  hands  and  do 
not  handle  the  side  of  the  dressing  that  goes  next  to  the 
wound.  Do  not  pull  clothing  over  the  area  to  be  treated 
because  it  could  infect  the  wound  further.  Instead,  tear  or  cut 


WOUND  OF 
LOWER  FACE 
(BELOW  EYES) 


WOUND  OF 
LOWER  LEG 
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Figure  1-5.  Pressure  points. 
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clothing  away  from  the  injured  area.  If  you  have  a  regular 
first  aid  wound  pack  available,  follow  the  instructions 
printed  on  the  back  of  the  pack<^ge. 

Remember,  when  bleeding  is  severe,  immediately  carry 
out  measures  to  stop  the  bleeding;  protect  the  victim  from 
infection  and  further  injury  by  applying  dressings  and 
bandages;  and  prevent  or  treat  shock  in  all  casualty 
situations. 

Exercises  (COS): 

1.  What  is  the  purpose  of  dressing  a  wound? 


2.  What  is  a  dressing? 


3.  What  is  a  bandage? 


C06.  Specify  whether  given  statements  correctly  define 
shock  and  shock  treatment;  if  any  statement  is 
incorrect,  briefly  state  why. 


Prevent  or  Treat  Shock.  Although  treatment  of  shock  is 
listed  as  the  fourth  of  tlie  lifesaver  steps,  you  actually  begin 
treating  for  shock  simultaneously  with  stopping  bleeding. 
Shock  exists  in  several  forms,  the  least  dangerous  of  which  is 
the  temporary  shock  caused  by  pain,  fright,  horror,  or  the 
sight  of  blood  of  other  severely  injured  persons.  Such 
temporary  shock  may  result  in  fainting,  and  the  victim 
recovers  quickly  with  no  further  effects.  Far  more  dangerous 
is  the  type  of  shock  caused  by  severe  injuries  or  bleeding. 
Unless  treated  properly  and  promptly,  this  type  shr-k  is  most 
often  fatal.  Normally,  the  severity  of  shock  corresponds  to 
the  severity  of  the  injury.  Also,  delayed  shock  is  not 
uncommon  and  may  set  in  ;  cveral  hours  after  an  injury  has 
occurred.  Don't  be  overly  concerned  with  determining  the 
type  of  shock;  just  follow  the  golden  rule:  treat  for  shock  with 
any  injury.  You  never  hurt  a  victim  by  treating  for  shock,  and 
even  if  they  show  no  symptoms  whatsoever,  you  have  no 
way  of  knowing  whether  delayed  shock  may  set  in. 

Symptoms  of  shock,  A  victim  feels  shock  as  a  great 
weakness  of  the  body.  The  outward  symptoms  are  cold  and 
clammy  skin,  shallow  breathing,  lackluster  eyes,  and 
apprehension  or  restlessness.  Also,  the  victim  may  be 
excessively  thirsty,  retching,  vomitinf,,  or  hiccupping,  and 
be  dry  around  the  mouth  and  lips.  The  victim  is  probably 
going  to  be  pale  and  wet  with  p)erspiration  and  may  gasp  for 
air  and  lose  consciousness.  In  the  final  stages,  most  victims 
become  listless  a.td  apathetic  and  die  in  deep  shock. 


MAKE  A  LOOP 

AROUND  THE  LIMB; 

TIE  WITH  SQUARE  KNOT 


PASS  A  STICK.  SCABBARD. 
OR  BAYONET  UNDER  THE 
LOOP 


TIGHTEN  TOURNIQUET 
JUST  ENOUGH  TO  STOP 
ARTERIAL  BLEEDING 


BIND  FREE  END  OF  STICK 
TO  LIMB  TO  KEEP  TOURNIQUET 
FROM  UNWINDING 


Figure  1-6.  Applying  a  tourniquet 
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Action  (o  take.  In  case  of  severe  injury,  it  is  imperative  lhat 
treatment  for  shock  be  s.  Tted  immediately.  The  first  steps  in 
shock  prevention  and  treatment  arc  to  reassure  the  injured 
person  and  make  him  or  her  as  comfortable  as  possible.  Place 
the  victim  flat  on  his  or  her  back  on  a  blanket  or  any  other 
material  available.  Handle  the  victim  gently,  remove  all 
bulky  items  from  his  or  her  pockets,  and  loosen  the  belt  and 
clothing.  Move  the  victim  as  little  as  possible.  You  can 
reassure  a  victim  by  being  gentle  and  calm.  Nervousness  on 
your  part  transmits  itself  to  the  victim  and  may  increase  the 
degree  of  shock.  Also,  do  not  let  the  victim  sec  his  or  her 
injuries  or  the  injuries  of  others  involved  in  the  same 
accident.  Give  the  victim  as  much  water  to  drink  as  he  or  she 
wants,  except  when  he  or  she  has  a  stomach  wound. 
However,  do  not  give  alcohol  in  any  form.  When  a  victim 
has  a  stomach  wound,  you  may  moisten  his  or  her  lips  with  a 
damp  cloth.  An  unco  .scious  victim  should  be  placed  on  his 
or  her  stomach,  face  turned  to  one  side  to  prevent  choking 
should  he  or  she  vomit.  This  placement  is  called  the  shock 
position.  Keep  the  victim  warm  by  covering  him  or  her  with 
anything  available,  and  be  sure  to  place  something  under  the 
victim  as  protection  because  the  ground  may  be  wet  or  cold. 
In  a  hot  climate,  place  the  i>erson  in  the  shade,  with  his  or  her 
face  away  from  direct  sunlight.  Finally,  remember  that  shock 
is  a  serious  condition  and  that  you  should  get  qualified 
medical  help  as  soon  as  possible.  You  treat  for  shock  in  al? 
cases  of  injury  or  disaster. 

When  you  have  assured  the  Teathing,  stopped  the 
bleeding,  protected  the  wound,  and  treated  for  shock,  you 
have  completed  the  four  lifesaver  steps.  Your  job  is  not  done, 
however.  You  must  continue  to  watch  the  victim,  insuring  as 
best  as  you  can  that  he  or  she  stays  alive  to  be  treated  by 
medical  personnel.  Remember  the  four  lifesaver  steps;  they 
are  the  basis  of  all  your  other  actions  in  first  aid. 

Exercises  (C06): 

For  each  of  the  following  statements  which  is  correct,  write 
*'true"  in  the  space  provided.  For  each  statement  which  is 
incorrect,  briefly  state  why. 
  1.  Shock  must  be  treated  immediately. 


2.  When  you  treat  victims  for  shock  when  they  aren't 
really  experiencing  it,  you  cause  little  or  no 
additional  injury  or  emotional  traunia. 


3.  Hot,  dry  skin  is  indicative  of  shock. 


4.  Unconsciousness  can  be  a  good  indicator  that  a 
person  is  in  shock. 


 5.  A  victim  who  is  undergoing  shock  can  be  given 

water,  or  wine  with  little  or  no  side  effect. 


6.  Any  injured  person  should  be  protected  from  the 
elements  of  weather  and  kept  warm,  particularly  if 
shock  is  suspected. 


 7.  The  shock  position  means  the  victim  is  on  his  or  her 

stomach  with  his  or  her  head  turned  to  the  side. 


 8.  You  begin  treating  a  person  for  shock  after  you 

have  assured  breathing,  stopped  the  bleeding,  and 
protected  the  wound. 


1-3.  Moving  and  Transporting  Injured  Personnel 

Frequently,  a  seriously  injured  person  must  be  moved 
immediately.  Knowing  how  to  move  a  casualty  is  one  of  the 
most  important  parts  of  your  first  aid  treatment.  Careless  or 
rough  movement  can  increase  an  injurt  and  may  cause  the 
victim's  death.  Unless  there  is  a  good  reason  for  immediately 
moving  casualties,  such  as  removing  them  from  a  burning 
aircraft,  do  not  move  or  transport  them  until  medical  help 
arrive  s.  On  the  rther  hand,  since  there  may  be  situations 
where  you  have  to  move  a  person  yourself,  you  must  know 
the  different  ways  of  moving  them.  You  already  know  that 
you  always  give  any  necessary  first  aid,  including  splinting 
fractures,  before  you  move  a  victim.  What  you  must  learn 
now  aie  methods  of  constructing  improvised  litters  and 
executing  manual  carriers.  Because  movement  by  litter  is 
most  desirable,  the  section  begins  with  it. 

C07.  Given  hypothetical  situations,  select  the  most 
appropriate  methods  of  transporting  injured  personnel. 

Litters.  Transjwrting  of  victims  is  a  critical  point  in 
evacuating  them  from  the  field  to  medical  facilities.  Since 
this  movement  is  critical,  you  should  use  a  litter  (stretcher) 
whenever  possible.  Using  a  litter  not  only  makes  it  easier  for 
you  to  carry  a  victim  but  also  makes  the  journey  safer  and 
more  comfortable  for  the  injured.  Remember  that  back  and 
neck  fracture  casualties  must  not  be  moved  except  on  a  litter. 
Basically,  there  are  two  types  of  litters  with  which  you  must 
be  familiar;  standard  and  improvised. 

Standard  litter.  A  standard  litter  con.sists  -f  a  frame,  a 
cover,  and  accessories,  such  as  poles,  legs,  and  securing 
stmps.  Generally,  such  litters  as  those  shown  in  figure  1-7 
are  readily  available  and  suited  for  moving  any  victim.  When 
a  standard  litter  is  available,  use  it.  In  situations  where  no 
litter  is  available,  you  must  construct  one. 

Improvised  litter.  An  improvised  litter  is  simply  a 
substitute  for  a  standard  litter.  It  is  constructed  from 
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Figure  1-7.  Standard  litters. 


>yhatever  materials  are  available.  Here  are  four  improvised 
litters  that  you  can  construct  very  easily. 

a,  Pole  and  blanket  litter.  A  blanket,  poncho,  shelter  half, 
tarpaulin,  or  other  material  can  be  used  for  the  bed  of  a  pole 
and  blanket  litter.  The  poles  can  be  made  from  such  objects 
as  strong  branches,  tentpoles,  rifles,  etc.  Figure  1-8  is  a  good 
example  of  this  type  of  litter.  It  would  be  best  not  to  transport 
back  or  neck  fractuie  victims  on  this  type  of  litter  unless  xhey 
are  face  down. 

b,  Pole  and  jacket  litter.  Illustrated  in  figure  1-9  is  an 
example  of  how  you  can  use  two  or  three  shirts  or  field 
jackets  to  make  a  pole  and  jacket  litter.  Button  up  the  jackets 
and  turn  them  inside  out  so  that  the  lining  is  outside  and  the 


sleeves  are  insicfe.  Then  slide  the  poles  through  the  sleeves. 
Again,  it's  best  not  to  use  this  for  transporting  back  and  neck 
fracture  casualties  unless  they  are  face  down. 

c.  Door  or  board  litter.  To  make  a  door  litter,  you  use  any 
flat  surfaced  object  of  a  suitable  size,  such  as  cots,  window 
shutters,  doors,  benches,  ladders,  boards,  or  poles  tied 
together.  Even  the  hood,  door,  or  windshield  from  a  vehicle 
will  work.  You  should  pad  this  litter  if  possible.  When  you 
can,  use  this  improvised  litter  to  transport  neck  and  back 
fracture  victims. 

d.  Blanket  roll  litter .  When  you  can't  find  poles  or  material 
to  make  a  door  litter,  you  can  roll  a  blanket,  shelter  half,  or 
poncho  from  both  sides  to  the  center,  as  shown  by  figure 


Figure  l~9.  Pole  and  jacket  litter. 


1-10.  Use  the  rolled  material  as  grips  when  carrying  the 
injured.  You  can  use  this  litter  with  all  victims. 

Putting  the  Injured  on  the  Litter.  At  this  point,  you 
know  how  to  make  and  use  alitter,  and,  obviously,  you  know 
that  at  least  two  people  should  carry  a  litter.  As  a  minimum, 
two  people  are  needed  to  place  the  victim  on  a  litter.  You  and 
another  person  could  move  a  victim  from  the  ground  to  a 
litter  (See  fig.  1-11)  in  this  way: 

a.  You  and  your  assistant  kneel  on  one  knee  on  the  same 
side  of  the  victim. 

b.  You  then  slide  your  arms  under  the  victim.  Note  that 
one  of  you  slides  your  arms  under  the  victim's  hips  and  legs 
and  that  the  other  slides  his  or  her  arms  under  the  victim's 
shoulders  and  back. 

c.  In  a  joint  effort,  you  lift  the  victim  to  a  height  even  with 
your  knees.  Use  care,  insuring  that  the  victim's  head  doesn't 
drop,  and  keep  the  victim  as  straight  as  possible. 

rf.  The  final  step  is  to  place  the  victim  on  the  litter.  To  do 
this,  you  lower  the  person  to  the  litter  by  reversing  the 
procedure  you  used  to  pick  the  person  up. 

Manual  Carries.  Manual  carriers  are  tiring  for  the  carrier 
and  involve  the  risk  of  increasing  the  seriousness  of  the 
victim's  injury.  The  methods  of  manual  carry  that  are 
explained  here  can  be  used  for  conscious  and  unconscious 
victims.  Bear  in  mind  that  a  victim  should  be  transferred  to 
litter  movement  as  soon  as  possible  and  that  back  and  neck 
fracture  injuries  must  be  transported  only  by  litter. 

Two-man  arm  carry.  Remember  the  technique  we  used  to 
move  a  victim  from  the  ground  to  a  litter?  The  first  three  steps 
of  that  technique  are  the  same  for  the  two-man  arm  carry  (fig. 
1-12).  Once  you  have  the  victim  at  a  height  equal  to  your 
knees,  you  and  your  assistant  rise  to  your  feet  in  a  smooth, 
joint  effort.  As  you  rise,  lift  the  victim  and,  by  pulling  your 
arms  in,  roll  the  individual  toward  your  chest.  You  can  use 
this  technique  with  just  about  al!  types  of  injuries. 


Two-hand  carry.  This  method  is  ideally  suited  for  for 
carrying  victims  with  injuries  of  the  head  or  feet,  and  it  may 
not  be  as  tiring  for  the  carriers  as  the  two-man  arm-carry: 

a.  With  the  victim  lying  on  l  is  oi  htrr  back,  you  and  your 
asbi.^tani  kncei  on  oppo5>iTe  si^ios  of  iho  a  'u  tuvi's  hips. 

b.  You  both  slide  your  arms  under  the  casualty  -one  arm 
goes  under  the  thighs  and  the  other  under  the  arms  and  behind 
the  back.  As  you  reach  thro?i^^h,  ytMt  and  yoiirnssislixnt  gi  usp 
wrists  as  shown  in  figure  1-13. 

c.  You  and  your  assistant  rise  together  and  lift  the  injured 
person. 

Fireman's  carry.  This  technique  is  ideal  when  you  must 
move  a  victim  by  yourself  and  you  are  not  exposed  to  enemy 


Figure  1-10.  Blanket  role  litter. 


Figure  1~-11.  Two  person  litter  lift. 
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gunfire.  To  use  it,  follow  the  steps  shown  in  fig.  1-14. 

a.  Begin  by  turning  the  victim  face  down  on  the  ground. 
Stand  at  his  or  her  head  and  kneel  on  one  knee  with  his  or  her 
head  between  your  legs. 

b.  Place  both  hands  under  the  victiin's  armpits  slide 
your  hands  down  the  his  or  iier  side  so  that  they  meet  ai  the 
small  of  his  or  her  back.  This  acton  raises  his  or  her  head  to 
your  shoulders. 

c.  From  this  position,  you  now  grasp  or  hug  the  victim  and 
pull  him  or  her  to  the  kneeling  position. 

d.  Once  the  victim  is  in  the  kneeling  position,  take  a  firmer 
grip  across  his  or  her  back  and  lift  him  or  her  to  the  standing 
position. 

e.  Once  the  victim  is  standing,  you  support  him  or  her  by 
placing  one  arm  around  the  waist.  You  then  grasp  the  wrist 
farthest  away  from  you  and  fold  the  victim's  arm  across  his 
or  her  midsection. 

/.  You  are  now  ready  to  load  the  victim  to  the  caixy 
position.  Keep  your  grip  on  the  victims  waist  and  wrist  and 
move  slightly  to  the  front.  As  you  move,  bend  at  the  waist 
and  pull  the  wrist  you  are  holding  around  the  back  of  your 


neck.  Release  the  victims  waist,  and  with  your  arm  encirc* 
his  or  her  leg. 

g.  At  this  point,  you  must  use  caution  not  to  strain  yourself 
by  lifting.  Remember  to  lift  with  your  legs  as  you  return  to 
die.  standing  position.  You  maintain  your  grip  on  the  victims 
wrist  and  leg  as  you  Uft. 

/;.  After  you  reach  the  standing  position,  you  can  carry  the 
victim  easier  by  grasping  his  or  her  wrist  with  your  hand 
which  encircles  his  or  her  legs. 

Pistol-belt  drag.  This  method  (see  fig.  1-15),  although 
only  useful  for  short  distances,  is  ideal  to  move  a  victim  to  a 
location  which  offers  cover  and  concealment  so  that  you  can 
use  the  fireman's  carry.  To  use  the  pistol-belt  drag,  follow 
these  steps: 

a.  Extend  two  pistol  belts  to  their  fullest  length.  Join  them 
together  and  lay  them  on  the  ground  in  a  straight  line  next  to 
the  victim. 

b.  Roll  the  victim  to  his  or  her  back  so  that  he  or  she  is 
lying  at  about  the  middle  of  the  extended  pistol  belts. 

c.  Reach  across  the  victims  chest,  grasp  the  free  end  of  the 
pistol  belt,  and,  by  pulling  it  to  you,  join  the  open  pistol  belts 
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Figure  1-12.  Two-man-arm  carr 


Figure  1-13.  Front  view  two  hand  carry. 


together  to  form  one,  large,  continuous  loop  around  the 
victim's  chest  and  back.  Be  certain  the  belt  goes  under  his  or 
her  armpits. 

d.  Lying  on  your  side  with  your  back  to  the  victim,  slip 
your  upper  shoulder  through  the  loop.  Roll  away  from  the 
victim  to  your  stomach.  Then  crawl  away  dragging  the 
victim  with  you. 

When  transporting  the  sick  and  wounded,  move  a  victin: 
as  little  as  possible.  You  must  always  be  sure  to  treat  any 
injury  before  you  try  to  move  a  victim.  Remember  your  four 
lifesaving  steps  throughout  the  period  of  movement,  and 
treat  symptoms  as  they  occur. 

Exercises  (C07): 

1.  Match  each  hypothetical  situation  in  column  A  with  the 
best  method  of  transportation  in  column  B  by  writing  the 
column  B  letter  in  the  space  provided.  Column  B  items 
may  be  used  only  once. 

Column  A  Column  B 


a.  Standard  litter. 

b.  Improvised  litter. 

c.  Two-man  arm-carry. 

d.  Fireman's  carry. 

e.  Pistol-belt  drag. 


 (I)  During  a  severe  windstorm  at  your 

base,  a  CE  maintenance  man  is 
blown  off  the  side  of  a  building.  He 
is  lying  on  his  stomach,  on  the 
ground  next  to  the  building. 

 (2)  On  a  camping  .trip,  one  of  the  two 

friends  that  accompanied  you  falls 
and  break  his  legs.  It  is  nearly  5 
miles  to  the  nearest  road. 
 (3)  During  a  base  defense  exercise,  a 

security  police  vehicle  overturns 

on  the  base  perimeter.  The  driver 

was  thrown  from  the  vehicle  and 

landed  with  his  back  against  a 

concrete     drain.      The  two 

passengers  are  both  shaken  up  but 

otherwise  uninjured.  The  vehicle 

is  buming,  and  the  driver  must  be 

moved  quickly  to  prevent  being 

burned. 

 (4)  In  a  raid  on  a  missile  launch  facility 

terrorists  have  wounded  your  team 
member.  The  victim  is  lying  on  the 
open  about  10  feet  from  the  culvert 
you  are  hiding  in. 

1-4.  Extreme  Weather  Protection 

The  very  nature  of  your  duties  exposes  you  to  the  extremes 
of  weatlier.  Regardless  of  where  you  are  now  stationed,  you 


undoubtedly  have  heard  how  miserable  the  heat  or  cold  can 
make  a  tour  of  duty.  Unfortunately,  either  of  these  weather 
elements  can  also  cause  you  a  very  severe  injury.  In  this 
section,  you  are  prevScnted  the  actions  to  take  when 
confronted  with  an  injurj*  caused  by  the  heal  or  cold. 

COS.  Given  statements  about  treating  conditions  caused 
by  heat,  identify  the  true  statements,  and  correct  any 
false  statements. 

Heat  Conditions.  Heat  cramps,  heat  exhaustion,  and 
heatstroke  are  the  most  prevalent  conditions  resulting  from 
exposure  to  heat.  These  conditions  are  your  body's  reaction 
to  both  internal  and  external  factors.  The  harmful  effects  they 
create  take  place  because  your  body  becomes  overheated  and 
cannot  dispose  of  the  excess  heat.  All  three  of  these  reactions 
are  associated  with  your  body's  loss  of  large  amounts  of 
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STEP  6 
Figure  1-14.  Fireman's  carry. 


Figure  1-15.  Pistol  belt  drag. 


water  and  salt  as  a  result  of  very  heavy  perspiration,  for 
instance,  vigorous  athletic  competition,  manual  labor>  or 
strenuous  exercise  in  a  hot  atmosphere. 

Heat  cramps.  These  are  involuntary,  painful  muscle 
spasms  and  pains,  similar  to  those  you  would  experience 
with  a  **charley  horse.'*  Heat  cramps  arc  primarily  the  result 
of  your  body's  loss  of  salt  or  an  insufficient  intake  of  salt. 
Heat  cramps  may  often  be  a  compounding  factor  to  heat 
exhaustion;  thus,  you  must  watch  for  their  telltale  signs  and 
take  appropriate  first  aid  measures: 

a.  Symptoms.  Heat  cramps  most  often  affect  the  muscles 
in  the  legs  and  stomach  first.  A  sudden,  violent  cramp  is  the 
main  indication. 

b.  Aid.  To  relieve  the  pain  of  a  heat  cramp,  you  take  either 
of  the  following  actions: 

(1)  Exert  firm  pressure  on  the  affected  area  with  your 
hand. 

(2)  Gently  massage  the  muscle  spasm. 

When  the  spasm  has  reduced,  give  the  victim  sips  of  water 
containing  1  teaspoonful  of  salt  per  4  ounces  of  water.  This 
treatment  is  continued  for  about  an  hours. 

Heat  exhaustion.  This  condition  is  a  fainting  or  body 
weakness  due  to  drinking  an  inadequate  amount  of  water  to 
replace  that  which  your  body  loses  through  perspiration. 
Heat  exhaustion  is  more  severe  than  heat  cr  ips.  Therefore, 
immediate  recognition  and  treatment  are  needed: 

a.  Symptoms.  The  symptoms  of  heat  exhaustion  are 
headache,  excessive  sweating,  dizziness,  and  muscle 
cramps.  Also,  the  skin  is  pale,  cool,  moist,  and  clammy. 
Heat  exhaustion  may  come  on  gradually  or  suddenly. 

b.  Aid.  Give  a  victim  of  heat  exhaustion  the  following  first 
aid,  immediately: 

(1)  Lay  the  victim  in  a  cool,  shaded  area  and  loosen  his  or 
her  clothing. 

(2)  If  the  victim  is  conscious,  give  the  victim  cool  salt 
water  ii  drink.  Prepare  the  salt  water  by  dissolving  two 
crushed  salt  tablets  (1/4  teaspoonful  of  table  salt)  in  a 
canteen  (quart)  of  cool  water.  The  victim  should  drink  3  to  5 
canteenfuls  during  a  period  of  12  hours. 

Heatstroke.  Heatstroke  can  be  fatal.  It  is  your  body's 
violent  reaction  to  extremely  high  temperatures  and 
malfunction  of  the  ability  to  sweat.  Heatstroke  is  the  most 
severe  heat  condition.  Immediate  recognition  and  treatment 
are  essential  to  life: 
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a.  Symptoms.  The  first  signof  heatstroke  may  be  stoppage 
of  sweating.  This  <iiuses  the  skin  to  feel  hot  and  dry. 
Collapse  and  unconsciousness  may  come  suddenly  or  may  be 
preceded  by  headache^  dizziness,  fast  pulse,  nausea, 
vornitinf;,  r^acl  i:jen:al  confusion.  It  is  necessary  to  work  fast 
to  save  the  life  of  a  heatstroke  victim.  The  heat  regulators  of 
the  body  have  been  damaged,  and  the  body  temperature  may 
rise  miu...ly  as  hipli  as  lOR''  F. 

b.  Aid.  ^iake  the  following  first  aid  measures  for  a 
heatsuoke  victim,  immediately: 

( !)  Irjmcrse  the  victim  in  the  coldest  water  available.  If  ice 
is  available,  add  it  to  the  water. 

(2)  ir  a  cold  water  bath  is  not  po:^sible,  get  the  victim  Into 
the  shade,  remove  his  or  her  clothing,  and  keep  the  entire 
body  wet  by  pouring  water  over  it.  Cool  further  by  fanning 
the  wet  body. 

(3)  Transport  the  victim  to  the  nearest  medical  treatment 
facility  at  once,  and  continue  to  cool  the  body  on  the  way. 

(4)  When  the  victim  becomes  conscious,  give  him  or  her 
cool  salt  water  to  drink  in  the  same  manner  as  yoM  would  to  a 
heat  exhaustion  victim. 

Exercises  (COS): 

If  one  of  the  following  statements  about  treating  heat 
conditions  is  true,  mark  it  true  in  the  space  provided.  If  a 
statement  is  false,  correct  it. 

  1.  Heat  cramp  victims  should  be  treated  quickly  to 

reduce  pain. 

 2.  A  gentle  squeezing  action  on  the  contracted  muscle 

of  a  heat  cramp  victim  should  alleviate  the  cramp. 

 3.  A  victim  suffering  from  heat  exhaustion  may  fu*st 

exhibit  signs  indicative  of  heat  cramps. 

 4.  A  person  exhibiting  signs  of  profuse  sweating  and 

cool  skin  should  be  treated  as  a  victim  of  heatstroke. 

 5.  Treating  a  heat  exhaustion  victim  is  simply  a  matter 

of  reducing  the  body  exposure  to  heat  and  replacing 
body  fluids  and  chemicals  lost  through 
perspiration. 

 6.  A  heat  exhaustion  victim  shouM  drink  96  to  160 

ounces  of  mild  salt  water  in  the  6  hours  following 
the  onset  of  the  condition. 

 7.  A  heatstroke  victim  is  in  critical  condition  and  must 

be  treated  immediately  to  preven*  death. 

 8.  Immediate  aid  for  a  heatstroke  victim  could  include 

attempting  to  reduce  body  heat  by  placing  the 
victim  in  the  nearest  water  or  spraying  the  victim 
with  water  from  a  garden  hose. 

 9.  A  victim  of  heatstroke  should  be  transported  to  a 

medical  aid  facility  when  he  o**  she  regains 
consciousness,  and  treatment  should  be  continued 
en  route. 

C09.  Gi>en  statements  about  treating  cold  weather 
injuries,  identify  the  true  statements  and  correct  any 
false  statements. 

Cold  Conditions.  The  extent  or  severity  of  an  injury 
caused  by  exposure  to  extreme  cold  ^veather  generally  varies 
with  such  factors  as  temperature,  hi  nidity,  wind  velocity, 
and  wind  type.  Of  the  conditions  presented  here,  frostbite  is 
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usually  considered  most  severe  and  most  common. 
Nevertheless,  trenchfoot,  immersion  foot»  and  snow 
blindness  are  not  mild  conditions. 

Trenchfoot.  Trenchfoot  is  an  injury  that  results  from  fairly 
long  exposure  of  the  feet  to  cold,  wet  conditions.  Generally 
this  happens  at  temperatures  from  freezing  to  50°  F.  If  you 
are  also  inactive  (such  as  when  standing  in  one  spot  on  your 
post),  the  possibility  of  developing  trenchfoot  is  even 
greater.  Trenchfoot  can  be  very  serious;  it  can  lead  to  a  loss 
of  the  toes  or  parts  of  the  feet.  A  frequent  symptom  of 
trenchfoot  is  numbness.  There  may  also  be  a  tingling  or 
aching  sensation  or  cramping  pain.  If  exposure  of  the  feet  has 
been  prolonged  and  severe,  they  may  swell  so  tightly  that 
pressure  closes  the  blood  vessels  and  cuts  off  the  circulation. 
Should  you  develop  trenchfoot,  dry  your  feet  thoroughly  and 
get  to  a  medical  treatment  facility  by  the  fastest  means 
possible.  If  transportation  is  available,  avoid  walking. 

Immersion  foot.  Immersion  foot  is  similar  to  trenchfoot.  It 
results  from  immersing  the  feet  in  water  or  constant  wetness 
of  the  feet  for  a  long  time — usually  in  excess  of  12  hours. 
Immersion  foot  develops  more  rapidly  if  the  water  is  below 
50''  F.  It  call  occur,  however,  when  the  feet  are  exposed  to 
warm  water  for  a  period  exceeding  24  hours.  In  immersion 
foot,  the  soles  of  the  feet  becme  wrinkled  and  white; 
standing  or  walking  becomes  extremely  painful.  Other 
portions  of  the  body  also  may  be  similarly  affected.  Should 
you  develop  immersion  foot,  dry  your  feet  thoroughly  and 
get  to  a  medical  treatment  facility.  You  should  observe  the 
same  walking  precaution  as  is  observed  for  trenchfoot. 

Snow  blindness.  Snow  blindness  is  the  effect  that  glare 
from  an  icefield  or  snowfield  has  on  the  eyes.  For  instance, 
the  parking  ramp  or  launch  facility  may  produce  such  a  glare. 
This  condition  can  occur  even  in  cloudy  weather.  In  fact,  it  is 
more  likely  to  occur  in  hazy,  cloudy  weather  than  when  the 
sun  is  shining.  You  can  recognize  the  early  stages  of  snow 
blindness  by  a  scratchy  feeling  in  the  eyes  when  the  eyelids 
are  closed.  Should  you  develop  snow  blindness,  cover  your 
eyes  with  a  dark  cloth  to  shut  out  all  light.  Then,  have 
someone  take  you  to  a  medical  treatment  facility  at  once. 

Frostbite.  Frostbite  is  the  injury  of  skin  tissue  caused  by 
exposure  to  cold.  The  body  parts  most  easily  frostbitten  are 
cheeks,  nose,  ears»  chin,  forehead,  wrist,  hands,  and  feet. 
Frostbite  may  involve  only  the  skin,  or  it  may  extend  to  a 
depth  below  the  skin.  Deep  frostbite,  which  is  much  more 
serious  thein  skin  frostbite,  requires  different  first  aid  to  avoid 
or  minimize  the  loss  of  parts  of  the  fingers,  toes,  hands,  or 
feet.  Frostbitten  skin  is  whitish,  stiff,  and  numb,  rather  than 


painful.  For  this  reason,  you  must  watch  one  another*s  face 
and  hands  for  signs  of  frostbite.  If  a  body  part  has  been  numb 
for  only  a  short  time,  the  frostbite  probably  involves  only  the 
skin;  otherwise,  assume  it  to  be  deep: 

a.  Frostbite  of  the  skin.  Take  the  following  actions 
whenever  frostbite  of  the  skin  occurs:  (NOTE:  DO  NOT 
warm  or  rewarm  frostbitten  parts  by  such  measures  as 
massage,  exposure  to  open  flame,  cold  water  soaks,  or 
rubbing  with  snow.) 

(1)  Parts  of  the  face.  Cover  the  frostbitten  part  with  your 
warm  hands  until  pain  returns. 

(2)  Hands.  Place  your  hands  next  to  your  skin  in  opposite 
armpits. 

(3)  Feet.  In  the  most  sheltered  area  available,  place  your 
bare  feet  under  the  clothing  and  against  the  abdomen  of 
another  person. 

b.  Deep  frostbite.  As  we  stated  earlier,  if  your  body  part 
has  been  numb  for  only  a  short  period  (5  to  10  minutes),  you 
treat  yourself  for  skin  frostbite.  Otherwise,  take  the 
following  actions: 

(1)  Get  to  a  medical  treatment  facility  by  the  fastest  means 
possible.  If  transportation  is  available,  avoid  walking. 

(2)  Protect  the  frostbitten  body  part  from  additional  injury, 
but  do  NOT  attempt  to  treat  it  or  thaw  it  in  any  way. 

Thawing  increases  the  possibilities  of  infection,  fuidier 
damage,  and  gangrene  (rotting  skin).  There  is  less  danger  of 
walking  on  your  feet  while  they  are  frozen  than  after  they 
have  been  thawed.  Thawing  may  occur  spontaneously 
during  transportation  to  the  medical  facility,  but  this  cannot 
be  avoided  because  your  body  in  general  must  be  kept  warm. 

Exercises  (C09): 

Identify  the  true  statements  in  the  following  list,  and  correct 
any  false  statements. 

 1 .  Drying  your  feet  and  seeking  medical  aid  are  about 

the  only  measures  a  first  aider  can  take  for 

trenchfoot  or  imrr.ersion  foot. 
 2.  Trenchfoot  is  caused  by  prolonged  exposure  of  the 

feet  to  moisture  and  cool  weather. 
 3.  Snow  blindness  treatment  consists  of  covering  the 

eyes  and  seeking  medical  aid. 
 4.  Frostbitten  skin  is  whitish,  stiff,  and  numb,  rather 

than  painful. 

 5.  A  deep  frostbite  victim  should  be  protected  from 

further  exposure,  without  thawing  the  affected 
body  part,  and  taken  to  medical  aid. 
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CHAPTER  2 


Field  Hygiene  and  Sanitation 


PERSONAL  HYGIENE  and  sanitation  are  of  real 
importance  when  an  organizational  unit  is  working  in  the 
field.  When  you  live  in  the  field  apart  from  modem  cleaning 
facilities,  you  must  give  extra  care  and  attention  to  hygiene 
activities. 

You  should  already  know  that  untreated  psychological 
injuries  can  have  a  serious  impact  on  the  effectiveness  of  an 
individual  and  a  unit.  Lack  of  personal  hygiene  and 
sanitation  can  have  a  similar  impact  on  individual  and  unit 
effectiveness. 

2-1.  Hygiene  and  Health 

An  efficient  military  unit  is  a  carefully  planned, 
well-organized,  well-trained  fighting  team.  It  is  a  team  that 
carries  no  substitutes.  When  any  team  member  is  absent  or 
sick,  teamwork  suffers.  Carelessness  of  one  member  of  the 
unit  in  regard  to  his  personal  hygiene  can  lead  to  disease 
which  incapacitates  the  entire  unit. 

CIO.  Indicate  whether  given  statements  concerning 
personal  hygiene  are  true. 

Meaning  of  Personal  Hygiene.  Personal  hygiene  is  the 
practice  of  health  rules  by  the  individual  to  safeguard  his  or 
her  own  health  and  the  health  of  others.  Personal  hygiene  is 
often  thought  of  as  being  the  same  as  personal  cleanliness, 
but  cleanliness  of  the  body  is  only  one  of  many  aspects  of  all 
personal  hygiene.  All  personnel  actions  directed  toward 
maintaining  personal  health  are  a  part  of  personal  hygiene. 

Health.  You  belong  to  a  group  whose  physical  condition 
is  as  carefully  guarded  as  the  most  vital  weapons  system.  The 
purpose  of  this  concern  is  to  maintain  your  effectiveness. 
Remember — this  is  group  protection.  The  Air  Force  can  go 
just  so  far.  Your  personal  health  and  welfare  still  depend 
upon  your  own  good  care  and  good  sense. 

Anytime  you  do  not  feel  perfectly  well,  or  when  you 
believe  that  you  have  a  disease  of  any  kind,  you  should  report 
to  sick  call.  Don't  wait  to  see  whether  the  symptoms  get 
worse.  Diseases  are  most  readily  spread  in  their  early  stages. 
Often,  before  you  feel  really  sick,  you  may  be  a  source  of 
infection  to  your  friends.  Don't  try  to  treat  yourself.  Nearly 
all  medicines  may  be  hamiful  in  unskilled  hands. 

If  you  have  a  cold,  a  headache,  diarrhea  (loose  bowels), 
sore  eyes,  a  body  rash,  or  a  fever,  report  to  sick  call 
immediately. 

Diet.  Physically,  man  is  the  product  of  what  he  eats.  Great 
care  is  exercised  to  make  sure  that  balanced  menus  are 


provided  to  keep  you  in  good  health.  An  interesting  point  to 
understand  here  is  that  the  C-ration  issued  to  you  in  most 
field  operations  is  a  balanced,  nourishing,  and  adequate 
menu.  It  is  your  responsibility  to  eat  enough  of  the  various 
food  items  to  maintain  your  health  and  vigor.  Proper  variety 
in  food  is  essential  to  your  health.  You  should  know  the 
variety  of  foods  necessary  for  physical  well-being.  The 
human  body  requires  nutrition  from  each  of  seven  food 
groups: 

•  Milk  and  milk  products. 

•  Leafy  green  and  yellow  vegetables. 

•  Butter  or  fortified  margarine. 

•  Bread  and  other  cereal  products. 

•  Meat,  fish,  poultry,  and  eggs. 

•  Oranges,  tomatoes,  and  grapefruits. 

•  Potatoes  and  other  vegetables  and  fruits. 

When  possible,  you  should  eat  foods  from  each  of  these 
seven  food  groups  daily.  This  diet  should  help  you  to  keep 
alert,  healthy,  and  vigorous.  (Eat  everything  edible  in  the 
C-ration  for  field  operations.)  Proper  diet  is  extremely 
important  to  your  body  under  normal  conditions.  When  you 
are  in  the  field,  proper  diet  is  even  more  important  to 
maintaining  health,  because  a  properly  balanced  diet  helps 
your  body  increase  resistance  to  infection. 

Mental  Health.  Mental  disorders  may  be  as  disabling  as 
are  physical  diseases.  When  you  are  incapacitated  by  combat 
fatigue,  you  are  as  much  a  casualty  as  is  the  individual  with 
malaria.  Both  mental  health  and  physical  health  make  up 
your  total  health.  A  sense  of  well-being,  the  absence  of 
overpowering  fears  and  anxieties,  and  a  wholesome  attitude 
toward  life  are  essentials  of  total  health. 

Exercises  (CIO): 

Indicate  whetlier  each  of  the  following  statements  is  true  or 
false. 

 1.  Personal  hygiene  includes  cleanliness,  physical  and 

mental  health,  and  seeking  medical  treatment  when 
ill. 

 2.  Maintaining  personal  hygieiic  is  actually  the  acdon 

of  staying  clean  and  healthy. 
 3.  Personal  hygiene  could  be  defined  as  the  everyday 

personal  actions  you  must  take  to  safeguard  your 

health  and  the  health  of  others. 
 4.  Diet  can  be  a  major  factor  in  an  individual's 

personal  hygiene. 
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Cll,  Dofiiie  **iiifection'';  and  list,  in  order  of  rnost  to 
least  vuliierable,  the  body's  natural  defenses  against 
infection. 

Infection  (Disease),  As  you  recall,  even  though  you  may 
not  feel  sick  yourself,  you  may  be  a  sounrc  of  infection  to 
others.  Infection  occurs  when  micro-organisms  invade  the 
body,  multiply,  an;i  produce  injury  or  disease. 
Micro-organisms  which  enter  the  body  range  from  those  that 
produce  disease  (pathogt^.-iS)  to  those  that  do  not  produce 
disease.  To  understand  infection,  you  must  know  how  the 
micro-organisms  enter  the  body. 

Portals  of  entry.  The  principal  portals  of  entry  for 
micro-organisms  are  abrasions  of  your  skin,  mucous 
membranes  of  your  respiratory  system  or  gastrointestinal  ^nd 
genitourinary  tracts,  and  your  eyes.  Nevertheless,  unbroken 
skin  and  mucous  membranes  are  natural  defensive  barriers 
against  an  invasion  by  pathogenic  organisms.  Certain 
organisms  require  specific  routes  to  infect;  others  can  invade 
by  several  routes.  Most  respiratory  diseases  are  contracted 
by  the  inhalation  of  droplets  of  contaminated  moisture  or 
dust.  Intestinal  infections  usually  are  produced  by  the 
ingestion  of  contaminated  food  or  drink. 

Some  organisms  invade  by  penetrating  the  skin  through 
hair  follicles,  sweat  gland  ducts,  or  abrasions;  other 
organisms  must  enter  through  wounds  in  order  to  establish 
themselves.  Tetanus  spores,  for  example,  may  be  swallowed 
without  causing  harm;  but  if  they  are  introduced  into  an  open 
wound,  tetanus  (lockjaw)  may  develop.  What  takes  place  in 
your  body  when  these  organisms  enter  is  very  similar  to  a 
battle.  If  your  body  has  a  good  defense  and  wins,  you  suffer 
no  ill  effects.  When  the  pathogens  win,  you're  in 
trouble — infection  has  occurred,  and  you  have  a  disease. 
Fortunately,  your  body  is  usually  a  tuned  fighting  machine. 

Bodily  defense  against  infection.  The  ability  of  your  body 
to  fight  off  or  overcome  infection  is  known  as  resistance. 
You  can  better  understand  this  ability  when  you  compare 
your 

body's  resistance  to  an  active  ground  defense  action  using 
the  three-component  system  and  defense  in  depth: 

a.  Early  warning.  Your  body's  early  warning  system  alerts 
you  to  the  fact  that  something  is  wrong  by  displaying 
symptoms.  For  instance,  a  so*e  throat,  headache,  fever,  or 
sore  that  won't  heal  are  early  warnings  to  you  that  your  body 
has  been  infected. 

b.  Tactical  defense.  Your  body's  first  line  of  defense  is 
provided  by  the  skin  and  the  mucous  membranes  of  your 
gastrointestinal,  tract,  respiratory  system,  and  genitourinary 
tract,  along  with  their  secretions.  These  help  to  prevent 
entrance  of  micro-organisms  into  the  deeper  tissues  that  have 
little  ability  to  ward  off  invasion. 

c.  .  Reaction.  The  second  line  of  defense  (blocking  force), 
of  which  the  lymphatic  system  is  a  part,  is  a  cellular  one  not 
as  susceptible  to  infection  as  your  skin.  This  defense  comes 
into  play  when  the  migrating  cells  of  your  body  attack  and 
destroy  invading  organisms.  The  third  line  of  defense  is 
presented  by  your  blood.  Your  blood  contains  neutralizing 
bodies  (counterattacking  force)  which  push  the  organisms  to 
the  liver  and  spleen  where  they  are  destroyed  or  inactivated. 
Your  blood  is  about  your  least  vulnerable  body  defense. 

Body  preparation.  Obviously  your  body  can't  employ  an 
active  intelligence  gathering  network.  However,  because 


you  know  your  body's  enemy  is  infection,  you  can  take 
action  to  prepare  (plan)  your  body  in  case  the  pathogens 
launch  a  surprise  attack. 

Your  body  uses  active  and  passive  defensive  measures 
against  infection.  You  have  leamed  the  acfive  measures  your 
body  lises.  The  passive  defense,  like  the  intelligence 
capability,  must  be  exercised  by  you.  You  can  insure  that 
your  body  h<.s  a  more  then  even  chance  by  following  these 
tips: 

a.  Avoid  exposure.  Stay  away  from  any  person  who  you 
know  has  a  disease,  or  who  you  think  might  have  a  disease, 
unless  it  is  your  assigned  duty  to  take  care  of  him  or  her.  Ask 
your  friends  to  stay  away  from  you  when  you  think  you  are 
becoming  ill. 

h.  Eat  properly,  and  form  the  habit  of  having  your  bowels 
move  regukrly. 

c.  Drink  plenty  of  water  at  intervals.  Depending  on 
climatic  conditions,  drink  three  or  four  full  canteens  per  day. 

d.  Change  wet  clothes  and  shoes  for  dry  ones  as  quickly  as 
possible. 

e.  Never  borrow  cups,  pipes,  or  other  personal  items  that 
your  associates  put  in  their  mouths. 

/.  Keep  insects  away  from  food,  and  don't  handle  pets 
before  eating. 

g.  Don't  borrow  handkerchiefs,  towels,  shaving  brushes, 
razors,  or  combs. 

h.  Take  salt  as  directed  to  avoid  fatigue  and  heat 
prostration. 

/.  Regularly  get  the  proper  amount  of  sleep  whenever 
possible. 

Exercises  (Cll): 

1.  What  is  infection? 


2.  In  order  of  most  vulnerable  to  least  vulnerable,  what  are 
your  b  nly's  three  natural  defenses  against  infection? 


2-2,  Personal  Cleanliness^  and  Foot  Care 

This  section  covers  techniques  of  personal  cleanliness  as 
well  as  measures  you  can  take  to  have  healthy  feet. 

CI 2,  Given  statements  about  techniques  of  personal 
cleanliness,  identify  the  true  statements  and  briefly  state 
why  the  others  are  false^ 

Personal  Cleanliness  Techniques.  Probably  no  other 
single  habit  of  hygiene  is  as  important  as  being  clean.  An 
unclean  body  is  not  only  offensive,  it  can  also  be  a  source  of 
infection  to  you  and  your  friends. 

Clothing.  Clothing  easily  becomes  contaminated  with 
disease  agents  as  a  result  of  contact  with  agents  present  in 
stool,  urine,  and  surface  garbage.  Change  your 
underclothing  daily,  if  possible.  If  you  can't  change  it  dai.y, 
rinse  your  underwear  in  clean  water,  and  lay  it  in  the  sun  to 
dry.  The  sun's  rays  act  as  a  purifying  agent.  Wash  outer 
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clothing  when  it  becomes  excessively  dirty.  When  it  is 
absolutely  impossible  to  wash  your  outer  clothing,  shaking  it 
out  and  airing  and  sunning  for  two  hours  ran  greatly  reduce 
the  number  of  disease  germs.  Any  shaking  of  clothes  should 
always  be  done  out  of  doors,  not  in  tents  or  dwellings. 

Bathing.  It  is  virtually  impossible  to  take  a  complete  bath 
while  living  under  field  conditions,  but  even  the  limited 
bathing  possibilities  available  to  you  may  make  the 
difference  between  poor  health  and  keeping  fit.  Daily 
washing  of  your  armpits,  ears,  feet,  and  crotch  with  soap  and 
water  is  a  most  important  part  of  field  hygiene.  You  should 
shave  every  day  if  possible.  If  possible,  you  should  wash 
your  hair  at  least  on;.c  a  week  with  soap  and  water.  Your 
helmet  can  be  used  as  a  wash  basin.  Fill  it  with  water,  wash 
your  body,  and  then  shave.  You  can  build  simple  bathing 
devices,  such  as  those  shown  in  figure  2- 1 ,  if  you  are  going  to 
be  in  one  location  for  a  long  time. 

Oral  hygiene.  Regular  and  proper  cleansing  of  your  mouth 
and  teeth  prevent  tooth  decay  and  gum  disease,  both  of  which 
can  cause  severe  pain  and  loss  of  teeth.  The  most  healthful 
oral  hygiene,  which  should  be  practiced  whenever  possible, 
is  to  cleanse  your  mouth  and  teeth  thoroughly  and  correctly 
after  each  meal  with  a  toothbrush  and  fluoride  dentifrice. 
However,  when  the  situation  makes  this  activity  impractical. 


you  should  thoroughly  cleanse  your  mouth  and  teeth  at  least 
once  each  day,  using  improvised  devices  if  necessary.  If  a 
dentifrice  is  not  available,  use  your  toothbrush  without  one, 
or  use  salt.  In  the  absence  of  a  toothbrush,  you  can  use  twigs  i 
cut  from  a  tree  and  frayed  on  the  ends  to  resemble  toothbrush 
bristles.  Twigs  can  also  be  cut  in  the  form  of  toothpicks  for 
use  in  removing  material  caught  between  your  teeth.  If 
necessary,  pieces  of  clean  cloth  can  be  used  to  wipe  away 
food  debris  which  has  collected  on  your  teeth.  Rubbing  your 
gum  tissue  vigorously  with  a  clean  finger  also  stimulates 
them  to  better  health. 

Bedding.  At  least  once  a  week  change  your  bedsheets.  Air 
and  sun  the  blankets,  pillows,  and  mattresses  the  same  as  you 
do  you  clothing. 

Hands,  Keep  your  fingernails  closely  trimmed  and  clean. 
Wash  your  hands  (with  soap  and  warm  water  if  available) 
after  any  dirty  work,  after  each  visit  to  the  latrine,  and  before 
touching  food  or  food  utensils.  As  shown  in  figure  2-2, 
effective  hand-washing  devices  can  be  improvised.  Such 
habits  as  nose-picking,  nail  biting,  and  unnecessary 
scratching  can  cause  contamination  of  your  hands  and  of  the 
things  that  you  touch  later.  These  habits,  which  are 
unpleasant  to  see  and  unhealthy  for  you,  should  be  broken. 
Coughs  and  sneezes  should  be  smothered  in  a  tissue  or 


handle erchief  or  at  least  directed  away  from  other  persons. 
Keep  your  fingers  and  other  contaminated  objects  out  of  your 
mouth. 

Exercises  (C12): 

Indicate  whether  each  of  the  following  statements  about  the 
techniques  of  personal  cleanliness  is  true  or  false.  Correct 
any  false  statements. 

  1.  An  unclean  body  can  be  a  source  of  pathogenic 

organisms  to  yourself  and  other  members  of  your 
unit. 


When  total  bathing  isn't  possible,  offensive  body 
odors  can  be  reduced  and  your  health  promoted  by 
daily  washing  of  your  body  creases  with  soap  and 
water. 


5.  In  the  absence  of  a  commercial  dentifrice, 
toothpaste  can  be  used  to  brush  your  teeth. 


2.  You  should  change  your  underwear  at  least  daily. 


6.  When  a  toothbrush  isn't  available  in  the  field,  a 
clean  cloth  can  be  used  to  brush  your  teeth. 


3.  Exterior  clothing  that  can't  be  washed  can  be 
partially  cleaned  by  shaking,  sunning,  and  airing. 


7.  An  individual  who  practices  the  techniques  of 
cleanliness  in  the  field  should  remain  relatively 
disease  free. 


Figure  2-2.  Hand-^'ashing  device. 


C13.  Associate  common  foot  ailments  >vith  their 
symptoms  and  the  actions  needed  to  '^orrect  or  prevent 
these  ailments. 

Care  of  the  Feet.  During  sustained  field  operations, 
one  of  the  biggest  casualty  inflictors,  and  a  prime  cause  for 
pain,  is  poor  foot  care.  Proper  foot  care  is  essential  to  the 
maintenance  of  physical  fitness.  Serious  foot  trouble  usually 
can  be  prevented  by  observance  of  the  following  simple 
rules. 

Foot  hygiene.  You  should  wash  your  feet  daily  and  dry 
them  thoroughly,  especially  between  the  toes.  Persons 
whose  feet  perspire  freely  should  apply  an  antifungus  foot 
powder  lightly  and  evenly  twice  a  day.  This  powder  helps 
retard  the  growth  of  some  fungi. 

Properly  fitted  shoes.  In  field  operations,  only  footgear 
issued  for  field  purposes  should  be  worn.  Expert  fitting  at  the 
time  of  issue  is  absolutely  essential.  There  should  be  no 
binding  or  pressure  spots;  neither  should  the  footgear  be  so 
large  that  it  permits  your  foot  to  slide  forward  and  backward 
when  you  are  walking. 

Clean,  fitted  socks.  Socks  should  be  changed  and  washed 
daily.  They  should  be  large  enough  to  allow  your  toes  to 
move  freely  but  not  so  loose  that  they  wrinkle.  Woolen  socks 
should  be  at  least  one  size  larger  than  cotton  socks  to  allow 
for  shrinkage.  Socks  with  holes  or  poorly  darned  socks  may 
cause  blisters.  Different  types  of  socks  are  provided  for 
various  footgear;  learn  their  proper  uses  at  the  time  they  are 
issued  to  you. 

Common  Foot  Ailments.  Blisters,  corns,  bunions, 
ingrown  toenails,  and  fungus  infections  are  the  most 
common  causes  of  foot  trouble. 

Blisters.  You  can  usually  prevent  blisters  by  wearing 
properly  fitted  shoes  and  socks.  Shoes  should  be  broken  in 
slowly,  and  socks  should  be  clean  and  free  of  holes.  If  a 
blister  does  develop,  treat  it  as  shown  in  figure  2-3. 
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Bunions  and  corns.  Bunions  and  corns  are  painful  growths 
on  your  feet.  Similar  to  blisters,  they  are  caused  by  irritation 
of  the  foot  tissue,  such  as  pinching  shoes  or  rubbing  socks. 
These  ailments  need  medical  attention. 

Ingrown  toenails.  Ingrown  toenails  develop  when  nails 
are  improperly  cut.  You  should  trim  your  toenails  straight 
across  rather  than  following  the  contour  of  your  toes.  If 
tenderness  develops  in  the  nailbed  or  along  the  edge  of  the 
nail,  report  to  the  medical  officer. 

Athlete's  foot.  Athlete's  foot  is  a  cracking  of  the  skin 
between  and  under  the  toes,  or  a  general  itching  of  the  foot. 
Athlete's  foot  is  really  a  misnomer.  Generally  any  fungus 
that  concentrates  in  the  area  of  the  foot  is  called  athlete's 
foot,  which  is  caused  by  a  fungus  that  thrives  on  the  warm, 
moist  atmosphere  offered  in  your  boots,  particularly  when 
you  have  had  them  on  for  a  prolonged  period.  The  most 
appropriate  treatment  for  athlete's  foot  is  to  seek  medical  aid. 
The  reason  for  this  is  that  the  various  fungus  infections  of  the 
feet  usually  respond  differently  to  treatment.  Athlete's  foot 
can  be  very  serious  and  painful.  Don't  try  to  treat  yourself. 

Immersion  foot  and  trenchfoot.  You  learned  about  these 
ailments  earlier.  Seek  medical  aid  when  you  suspect  you  are 
suffering  from  one  of  these  ailments. 

Exercises  (C13): 

1.  Match  the  column  A  foot  ailment  symptoms  with  the 
types  of  ailments  in  column  B  and  the  preventive  or  first 
aid  measures  in  column  C  by  writing  the  column  B  and  C 


letters  in  the  spaces  provided.  Column  B  and  C  items  may 
be  used  once  or  not  at  all. 


Column  A 

Column  R 

Column  C 

 (1)  Cracked  skin  and  itching  on 

u  . 

1  n  g  r  o  w  u 

A. 

Properly 

sole  of  foot. 

toenail  . 

sized 

 (2)  Extreme  pain  and  tender- 

b. Blister. 

ftK>twear. 

ness  on  top  vSide  of  comer  of 

c  . 

u  n  g  u  s 

B. 

Keep  feet 

toe. 

infection. 

dry. 

 (3)  Fluid-filled  vSpot  on  heel  of 

d. 

Bunion  or 

C 

Powder 

foot. 

com. 

feel. 

 (4)  Painful  bump  on  your  little 

e. 

Immersion 

D. 

Puncture  at 

toe. 

foot  or 

lower  edge 

trenchfoot. 

and 

bandage . 

E 

Correct 

cutting. 

2*3.  Field  Sanitation 

As  you  have  learned,  personal  hy>;iene  is  your  observance 
of  the  rules  of  good  health  and  cleanliness.  Even  though  you 
follow  these  rules  and  maintain  perfect  health,  your  body  c 
cope  only  with  a  limited  number  of  disease  agents. 

Under  field  conditions,  unless  you  and  every  other 
member  of  your  outfit  follow  some  basic  sanitation  rules, 
practicing  personal  hygiene  is  only  a  temporary  stopgap 
against  infection.  Three  areas  of  sanitation  that  must  be 
strictly  observed  in  the  field  are  water,  food,  and  waste 
sanitation. 

C14.  Arrange  in  sequence,  of  most  to  least  desirable, 
given  statements  about  water  sanitation;  state  the 
procedures  for  purifying  water. 

Water  Sanitation.  Impure  water  may  be  a  means  of 
transmitting  such  diseases  as  cholera,  dysentery,  typhoid 
fever,  paratyphoid  fever,  and  snail  fever.  All  cf  these  can 
assume  epidemic  proportions  and  disable  large  numbers  of 
people.  Getting,  purifying,  and  providing  water  in  the  field 
are  usually  the  responsibilities  of  base  engineer  personnel. 
Nev^ertheless,  we  must  all  be  aware  of  the  danger  of  impure 
water  and  must  know  simple  purification  procedures  to  use  in 
field  situations.  All  water  mus^  be  treated  or  certified  as  safe 
by  medical  personnel.  Water  contaikimg  organisms  that 
cause  disease  is  contaminated.  Water  containing  substances 
that  are  undesirable  or  that  render  it  unfit  for  drinking  or 
domestic  use  is  polluted.  Water  that  is  free  of  both 
contamination  and  pollution  is  potable;  that  is,  you  can  drink 
it. 

Selection  of  water  sources.  Water  may  be  obtained  in  the 
field  from  surface  water  sources  (lakes,  rivers,  streams, 
ponds),  from  ground  water  sources  (wells  and  springs),  and 
sometimes  from  public  water  supplies.  Public  water  supplies 
free  from  unusual  impurities  are  the  best  source  for  drinking 
water  during  field  operations.  Ir  combat,  advantage  must  be 
taken  of  whatever  water  is  available  if  it  can  be  purified  with 
the  materials  on  hand.  Whc  d  situation  permit,  a 

wider  search  for  a  better  s  inay  be  made.  In  some 

locations,  it  may  be  necessary  to  use  rainwater,  seawater 
(which  must  be  distilled  for  drinking) ,  or  melted  ice  or  snow. 

Individual  water  purification.  When  good  sources  of 
potable  water  are  not  available,  you  may  produce  potable 


Figure  2-3.  First  aid  for  blister. 
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water  by  mixing  water  purification  tablets  (iodine)  or 
calcium  hypochlorite  ampules  and  water  in  your  canteen. 
Normally,  one  iodine  tablet  is  used  per  canteen  of  clear 
water,  and  two  iodine  tablets  per  canteen  of  cloudy  water. 
You  must  wait  20  minutes  after  purifying  to  drink  this  water. 
When  using  calcium  hypochlorite  ampules,  you  should  take 
the  following  actions: 

a.  Put  one  ampule  in  a  canteen  of  water.  Leave  a  small 
airspace  in  the  canteen  and  dissolve  the  ampule  by  shaking 
the  canteen  thoroughly. 

b.  Allow  the  water  to  stand  at  least  30  minutes  before 
drinking. 

Exercises  (C14): 


1. 


Number  the  following  statements  about  water  sanitation 
in  sequence  of  most  to  least  desirable  by  writing  numbers 
in  the  spaces  provided. 

 a.  Using  polluted  water  from  a  rain  puddle  in  an  open 

field. 

 b.  Using  certified  water  from  a  livestock  drinking 

trough. 

 c.  Using  existing  potable  water  supply. 

 d.  Obtaining  uncontaminated  water  from  small, 

covered,  ground  sources. 

Complete  the  following  statements. 

a.  Potable  water  can  be  produced  by  using  

 or  


b.  To  purify  a  quart  of  unclear  water,  you  would  use  one 
ampule. 

c.  Water  purified  with  iodine  is  not  considered  potable 
until  after  mixing. 

d.  One  iodine  tablet  is  used  to  purify   

 of  clear  water. 


CIS.  Given  statements  about  food  sanitation,  select  the 
true  statements;  if  any  statements  are  false,  correct 
them. 

Food  Sanitation.  Food,  even  the  most  appetizing,  can 
cause  illness  if  it  has  become  contaminated  with  disease 
germs  through  improper  handling  or  storage.  Outbreaks  of 
food  poisoning,  dysentery,  and  typhoid  fever  may  result 
from  unsanitary  practices  in  kitchens  and  dining  halls.  Thus, 
persons  who  handle  food  must  maintain  the  highest  standards 
of  personal  hygiene  and  sanitation. 

Stored  food  must  be  protected  from  the  sun,  heat,  dust, 
insects,  rodents,  and  any  other  agent  that  might  cause 
contamination  or  the  growth  of  disease  germs.  In  operations 
where  you  are  issued  C-rations,  you  must  be  alert  for  signs  of 
possible  contamination.  You  must  also  prevent  your  food 
from  being  contaminated  after  you  open  it.  Here  arc  some 
very  basic  rales  to  prevent  eating  contaminated  rations: 

a.  Look  at  the  metal  containers  for  signs  of  bulging  or 
leaking.  Do  not  eat  the  contents  if  these  signs  are  present. 

t.  Wipe  the  top  of  the  cans  off  with  a  clean  cloth  before 
you  open  them. 

c.  Use  your  own  eating  utensils,  and  keep  them  clean. 

rf.  Do  not  open  the  metal  containers  and  let  them  stand 
uneaten  for  long  periods. 

e.  If  an  unusual  odor  or  color  is  present  after  you  open  the 
can,  do  not  eat  the  food. 


/.  Wash  your  hands  before  you  eat. 
Exercises  (CIS): 

Indicate  whether  the  following  statements  about  food 
sanitation  are  true  or  false.  Correct  any  false  statements. 

  1 .  Improper  handling  and  storage  of  food  can  lead  to 

unit- wide  sickness. 


2.  Canned  and  sealed  food  is  not  susceptible  to 
contamination  in  storage. 


3.  C-rations  that  have  been  opened  and  left  standing 
for  long  periods  are  suitable  for  eating. 


4.  Unclean  eating  utensils  can  also  be  a  source  of 
contamination  of  food. 


5.  Food  that  is  not  within  a  reasonable  range  of  its 
normal  color  or  aroma  should  be  thrown  away. 


C16.  Associate  given  situations  involving  waste  to  the 
methods  best  suited  for  sanitary  disposal. 

In  war  or  field  conditions,  all  Air  Force  personnel  are 
expected  to  know  how  to  live  in  the  field  and  how  to  maintain 
excellent  health  and  mission  efficiency.  It  is  essential, 
therefore,  that  you  understand  the  methods  of  constructing, 
maintaining,  and  using  field  sanitation  devices,  with 
emphasis  upon  the  disposal  of  human  and  kitchen  wastes. 

Human  Waste.  Human  waste  can  cause  widespread 
dysentery  and  diarrhea  among  personnel  if  it  is  not  properly 
managed.  These  diseases  have  cost  our  airmen  more  lost 
time  from  duty  than  any  other  disease.  The  common  method 
of  disposing  of  human  waste  in  the  field  is  to  bury  the  waste 
in  pit  latrines  or  to  bum  the  latrine  contents.  Three  types  of 
latrines  are  commonly  used  in  the  field:  the  oil  drum  latrine, 
the  straddle  trench  latrine,  and  the  deep  pit  latrine. 

Oil  drum.  The  oil  drum  latrine,  similar  to  that  shown  in 
figure  2*4,  is  considered  the  ideal  type  of  latrine  for  use  by 
small  USAF  units  in  the  field.  To  construct  an  oil  drum 
latrine,  you  remove  the  top  from  a  55-gallon  oil  drum  and  fix 
a  flyproof  seat  with  a  self-closing  lid  over  the  top  of  the 
drum.  Where  the  water  table  is  low  and  the  area  drains 
rapidly,  the  bottom  of  the  drum  may  be  perforated  and  the 
latrine  set  into  a  flyproof  soakage  pit.  This  latrine  is  intended 
for  long  time  use;  the  contents  are  burned  daily,  and  the 
resulting  ashes  are  buried. 

Straddle  trench.  The  straddle  trench  latrine  (see  fig.  2-5) 
consists  of  a  trench  1  foot  wide,  ZVi  feet  deep,  and 
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Figure  2—4.  Oildrum  latrine. 


approximately  4  feet  long.  If  available,  boards  should  be 
placed  alongside  to  provide  secure  footing.  Toilet  paper 
should  be  placed  at  the  end  of  the  pit  and  protected  from  the 
rain  with  a  wooden  covering  or  tin  can.  Earth  removed  from 
the  trench  should  be  piled  at  each  end,  and  a  paddle  or  shovel 
should  be  provided  with  which  each  person  can  immediately 
cover  his  excretion  and  the  used  toilet  paper.  This  latrine  is 
considered  to  be  inadequate  for  other  than  temporary  use.  It 
must  be  closed  when  abandoned  or  when  filled  to  within  1 
foot  of  ground  level.  When  this  stage  is  reached,  earth  should 
be  piled  over  the  pit  and  tightly  packed  down.  If  the  soil  is 
sandy,  it  should  be  mixed  with  waste  motor  oil.  The  site 
should  be  marked  with  a  sign  reading  "Closed  Latrine 
(date).*' 

Deep  pit.  The  deep  pit  latrine  is  intended  for  use  with  a 
standard  latrine  box.  It  is  adequate  when  the  water  table  is 
low.  To  construct,  you  dig  a  pit  approximately  4-foot  deep 
and  fit  the  dimensions  to  the  latrine  box.  The  pit  should  be 
surrounded  with  drainage  ditches  to  direct  rainwater  away 
from  the  latrine  box.  This  type  of  field  latrine  is  intended  for 
use  by  large  units  (squadrons,  groups,  etc.)  that  remain  in 
one  location  for  relatively  long  periods  of  time.  The  closing 
provisions  are  the  same  as  for  the  straddle  trench. 

Kitchen  Waste  (Garbage)*  Kitchen  waste,  if  not 
properly  disposed  of,  becomes  the  breeding  ground  for 
rodents  and  insects  that  transmit  disease.  Consequently, 
great  emphasis  must  be  placed  on  sanitary  disposal  of 
garbage  when  you  are  in  the  field. 

There  are  two  classifications  of  garbage:  that  which  is 
suitable  for  animal  food  and  that  which  is  not.  Burial  is  the 
best  method  of  nonedible  garbage  disposal  in  the  field  where 
there  are  areas  with  low  water  tables.  Incineration  is  best  to 
dispose  of  nonedible  garbage  when  units  or  more  than  30 
people  plan  to  remain  in  one  location  for  a  period  longer  than 
1  week. 

Garbage  pits  and  filled  trenches  should  not  be  located 
within  100  yards  of  any  source  of  drinking  or  cooking  water. 


AND 
EXCAVATED 


Figure  2-5.  Straddle  trench  latrine. 


They  must  be  located  within  easy  walking  distance  of 
kitchens  and  eating  areas,  in  order  to  facilitate  dumping  of 
garbage.  When  filled  and  ready  to  be  abaiidoned,  garbage 
fills  should  be  marked  to  indicate  the  date  of  closure  with  a 
sign  reading  "Closed  Garbage  Fill  (date).'' 

What  all  this  means  to  you  is  that  during  field  operations 
you  must  use  the  established  facilities  to  dispose  oi  waste.  If 
there  are  none  established,  make  your  own.  To  neglect 
personal  sanitation  or  personal  hygiene  when  you  are  in  the 
field  can  be  as  fatal  as  standing  up  when  you  come  under 
enemy  fire.  When  you  give  pathogens  a  place  to  grow,  it's 
only  a  matter  of  time  until  your  body's  defense  system  loses 
the  battle. 

Exercises  (C16): 

1 .  Match  the  column  A  statements  about  waste  with  the  best 
method  of  disposal  in  column  B  by  writing  the  column  B 
items  in  the  space  provided.  Column  B  items  may  be  used 
once  o^  not  at  all. 


Column  A 


Column  B 


1. 


Burial. 

Straddle  trench  latrine. 
Deep  pit  latrine. 
Incineration. 
Oil  drvjtn  latrine. 


Human  waste  of  a  deployed  wing 
during  a  20'day  field  deployment. 

2.  Nonedible  garbage  from  a  large  unit 

planning  to  remain  in  one  location. 

3.  Waste  accumulated  from  cooking 

and  eating  during  an  overnight  stop 
wh*  re  there  is  a  low-water  table. 

4.  Human  waste  from  four  personnel 

deployed  to  an  off-base  plane  crash 
site  for  25  days. 


2-4.  Disease  and  Pestilence  Countermeasures 

Cleanliness  of  the  body  and  clothing  is  the  first  line  of 
defense  against  body  parasites  and  pestilence.  In  certain 
situations,  special  measures  must  be  used  to  control  disease. 
We  will  discuss  some  of  these  measures. 


C17.  State  how  louse-borne  diseases  are  transmitted  and 
indicate  the  procedures  for  counteracting  them. 
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Louse-borne  Diseases.  The  louse-bome  diseases  are 
typhus  fever  and  relapsing  fever.  Of  these,  epidemic  typhus 
is  the  most  important.  Relapsing  fever  is  usually  present 
whenever  typhus  occurs;  cases  occurred  among  American 
troops  in  World  War  II,  Korea,  and  Vietnam.  These 
diseases,  which  are  spread  from  man  to  man  by  lice,  occur  in 
epidemics.  S'nce  they  are  serious  infections,  they  are  a 
special  threat  to  all  personnel.  A  good  vaccine  against  typhus 
is  available,  but  none  is  yet  available  for  relapsing  fever. 

Disease  is  seldom  transmitted  by  the  actual  bite  of  a  louse. 
The  germs  within  the  louse  are  passed  out  with  the 
droppings.  Louse  bites  itch  and  cause  scratching,  during 
which  these  droppings  are  rubbed  into  the  skin  abrasions. 
Scratching  also  may  crush  the  louse  and  rub  the  germs  into 
the  wound. 

The  three  species  of  lice  which  are  of  medical  impn.  lance 
are  the  body  louse,  the  head  louse,  and  the  crab  louse.  They 
live  on  human  blood.  If  they  are  unable  to  feed,  they  will  die 
in  a  relatively  short  time.  In  the  higher  temperatures,  lice 
require  more  food  and  die  even  more  quickly  il  they  are 
deprived  of  it.  Lice  are  spread  by  contact  with  infested 
persons  or  with  things  onto  which  adult  Hce  or  eggs  have 
dropped,  such  as  straw,  debris,  blankets,  clothing,  or  latrine 
seats. 

Preventive  measures.  In  every  military  campaign,  there 
are  provisions  to  combat  lice,  especially  body  lice,  that  must 
be  made  in  advance.  Head  and  crab  lice  present  individual 
problems,  but  from  the  standpoint  of  disease  they  arc  of  no 
great  importance.  When  troops  are  located  in  areas  where  the 
civilian  population  is  lousy,  they  should  use  louse  powder  on 
their  clothes  routinely  as  p  preventive  measure.  They  should 
also  be  warned  to  stay  away  from  the  natives.  In  spite  of 
precautionary  measures,  the  troops  may  become  infested, 
particularly  if  bathing  facilities  and  changes  of  clothing  are 
not  available.  Under  such  conditions  frequent  inspections 
must  be  made.  Lice  are  not  easy  to  fmd  and  may  become 
quite  numerous  before  they  are  noticed.  Whenever  a 
person's  skin  shows  evidence  of  itching  or  of  insect  bites,  ijtt 
or  she  should  carefully  examine  his  or  her  clothing  for  lice, 
especially  at  the  seams,  where  eggs  and  young  lice  are  most 
likely  to  be  found.  When  one  infested  person  is  found,  all 
other  personnel  in  that  particular  unit  should  also  be 
examined. 

Selecting  delousing  procedures.  If  the  troops  are  found  to 
be  infested  upon  inspection  of  a  unit,  the  entire  unit  should  be 
dusted,  using  mass  delousing  procedures.  In  this  case, 
assistance  should  be  requested  through  command  channels 
from  a  preventive  medicine  unit.  If  the  troops  arc  lousy,  the 
infested  individuals  and  the  remaining  troops  in  the  unit 
should  be  required  to  dust  themselves.  Weekly  inspections 
should  be  made  by  the  medical  officer  to  determine  the 
effectiveness  of  the  operation. 

Insecticides  for  louse  prevention.  In  1951  the  strain  of  lice 
in  Korea  was  found  to  be  resistant  to  louse  powder;  hence  a 
substitute  powder  was  made  available.  Louse  powders  are 
effective  against  all  three  forms  of  lice. 

Individual  Louse  Control  Procedure  for  Clothing.  An 
individual  can  treat  his  or  her  own  clothing  for  delousing  or 
louse  prevention  purposes.  If  possible,  the  individual  should 
take  a  bath  before  putting  on  the  treated  clothing.  The 
clothing  should  be  dusted  as  follows: 


(1)  Apply  the  powder  inside  of  the  hat. 

(2)  Spread  the  coat,  with  sleeves  turned  inside  out,  on  a 
table  so  that  all  of  the  inside  can  be  seen;  then  powder  the 
inside,  taking  special  care  to  apply  the  powder  along  the 
shoulder,  armpit,  and  arm  seams. 

(3)  Turn  the  trousers  inside  out  and  lay  them  with  the  seat 
uppermost  on  top  of  the  coat;  then  powder  all  seams, 
particularly  at  the  crotch  and  down  both  legs. 

(4)  Next,  spread  and  powder  the  shirt  in  the  same  way  as 
the  coat. 

(5)  Turn  the  underwear  inside  out  and  powder  it 
thoroughly,  again  giving  special  attention  to  the  seams. 

(6)  Fold  the  entire  pile  of  clothing  together  and  pound  it 
several  times  to  fluff  the  powder. 

(7)  Before  putting  on  each  change*,  of  clean  clothing,  repeat 
the  procedure.  The  shoes  are  no  crdi^    'y  powdered. 

Individua!  Control  Procedure  fcr  Head  and  Crab  Lice. 

When  an  individual  knows  or  suspects  that  he/she  has 
become  lousy,  he/she  doesn't  have  to  wait  on  unit  action. 
He/she  can  take  the  following  steps. 

(1)  Using  the  insecticide  powder,  dust  the  head  and  hairy 
portions  of  the  body. 

(2)  One  week  from  the  initial  application,  apply  the 
powder  again  to  kill  lice  which  may  have  hatched  in  the 
meantime.  Withhold  bath  and  shampoo  for  one  day  after  this 
dusting. 

(3)  Examine  the  head  and  hairy  parts  of  the  body  closely  to 
be  sure  that  no  living  lice  are  present.  If  the  hair  is  cut  short, 
lice  can  be  seen  more  easily;  short  hair  is  also  easier  to 
powder  effectively.  Delousing  procedures  for  an  individual 
are  shown  in  figure  2-6. 

Individual  control  procedure  for  extra  clothing  and 
bedding.  Since  body  lice  are  most  often  found  in  the  seams  of 
clothing,  particular  attention  must  be  given  to  the  neck, 
armpits,  waist,  shirttail,  and  crotch  of  clothing. 


Figure  2—6.  Delousing  procedure. 
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Although  99  percent  of  all  lice  are  found  on  a  person's 
body  or  on  the  clothes  he  or  she  is  wearing,  extra  clothing  and 
bedding  may  be  infested  and  cause  reinfestations. 

When  delousing  extra  clothing  and  bedding,  place  the 
powder  between  the  layers  of  clothing  in  order  to  speed  the 
job  and  avoid  wasting  powder.  If  mattress  covers  are  not  in 
use,  place  a  blanket  over  the  mattress  and  apply  the  powder 
between  the  two  items,  taking  care  to  reach  tfie  sides  and 
seams.  Blankets  are  deloused  by  spreading  one  on  top  of 
another  and  dusting  between  every  two  of  them  or  by  folding 
each  blanket  once  and  dusting  between  the  two  layers.  The 
folded  blanket  may  be  placed  on  a  flat  surface,  hung  over  a 
line,  or  held  by  two  other  persons. 

When  a  duster  is  not  available,  apply  the  powder  with  a 
sifter  can.  As  each  blanket  is  spread,  the  powder  is  shaken 
onto  it.  The  surface  of  one  blanket  will  then  spread  the 
powder  onto  U;  •  '  _  *  of  the  next.  After  a  number  of 
blankets  have  be  d,  pound  or  fluff  them  lightly  to 

distribute  powder  eveiiiy .  Canvas  packs,  dufflebags,  boxes, 
footlockers,  and  similar  items  may  also  need  dusting. 

Exercises  (C17): 

Fill  in  the  blanks  to  the  following  statements. 

1 .  Disease  is  seldom  transmitted  by  the  actual  

of  the  louse. 

2.  The  three  species  of  lice  which  are  of  medical  importance 

are  the  louse,  the  louse,  and  the 

crab  louse. 

3.  Since  body  lice  are  most  often  found  in  the  

of  clothing,  particular  attention  must  be  given  to  the 

  ,  armpits,    ,  shirttail,  and 

crotch  of  clothing. 

4.  When  a  duster  is  not  available,  apply  the  powder  with  a 
 can. 

C18.  Given  statements  regarding  fly-bonie  diseases, 
identify  each  as  either  correct  or  incorrect. 

Fly-Borne  Diseases.  flies  are  found  all  over  the 

world,  but  they  are  m  -it  -:>undant  in  warm  climates. 
Houseflies,  whi.  M  comprise  u^c  aiajority  of  sill  flies  found  in 
messes,  are  the  most  important  of  the  nonbiting  species  in  the 
transmission  of  diseases. 

The  medical  history  of  past  wars  indicates  that  the  health 
of  troops  has  been  seriously  affected  by  flies.  They  carry  the 
germs  which  cause  dysentery  and  may  carry  those  which 
cause  cholera,  typhoid,  and  other  diseases.  In  the  tropics, 
various  skin  and  eye  diseases  may  be  spread  by  flies. 

Flies  transmit  disease  organisms  on  the  tiny  hairs  of  their 
bodies  and  feet  and  in  their  feces  and  vomitus.  they  may 
bring  the  disease  germs  directly  from  manure,  garbage,  and 
human  feces  to  food  and  water. 

Characteristics.  Flies  have  mouthparts  which  allow  them 
only  to  sponge  up  their  food.  To  dissolve  solid  food,  they 
vomit  some  of  their  stomach  contents  onto  the  food  and  then 
sponge  it  up.  By  this  method  f)\^s  sample  all  manner  of  filth 
and  waste  matter  and  may  easily  swallov/  disease  germs  or 
pick  them  up  on  their  feet  and  bodies.  Knowledge  of  the 
following  characteristics  and  habits  of  houseflies  will  serve 
as  a  useful  guide  to  effective  fly  control. 


a.  Houseflies  breed  in  manure,  human  waste,  and 
decaying  vegetable  or  other  organic  matter. 

b.  For  growth,  larvae  or  maggots  require  suitable  food, 
moisture,  and  warmth. 

c.  Larvae  move  from  the  breeding  material  to  a  dried  place 
to  pupate. 

d.  Adult  flies  are  attracted  by  food  odors. 

e.  In  the  temperate  areas  of  the  world,  flies  are  most 
abundant  in  late  summer  and  early  fjill. 

/.  In  warm  climates,  flies  breed  throughout  the  year. 

Control.  Flies  may  be  controlled  through  proper 
sanitation,  thus  eliminating  their  breeding  places;  by  the 
screening  of  living  quarters;  and  by  the  use  of  chemicals  to 
kill  both  adults  and  larvae.  The  elimination  of  breeding 
through  proper  sanitation  is  the  most  effective  fly  control 
measure. 

Elimination  of  breeding  ^^^i^es  ^  Hies  requires  that  all 
human  waste,  animal  rvr  ^^arbage  be  covered, 

disposed  of,  or  treated  p.  mid  effectively. 

All  food-handling  places  should  be  properly  screened  to 
protect  food  against  infestation  by  flies.  The  screens  should 
be  constructed  of  1 8-mesh  wire  to  bar  mosquitoes  as  well  as 
the  flies.  Food-handling  places  should  also  be  equipped  with 
self-closing  doors  which  fit  snuggly  and  open  outward. 

While  the  use  of  chemicals  is  an  important  aid  to  fly 
control,  it  should  never  be  adopted  as  a  substitute  for 
sanitation.  In  places  where  sanitation  is  difficult,  chemicals 
may  be  used  to  control  fly  breeding  or  to  prevent  new  adults 
from  leaving  their  breeding  places. 

Insecticide  may  be  used  to  kill  flies  quickly.  When 
correctly  applied,  it  is  very  effective.  Windows  and  doors 
should  be  closed  before  the  insecticide  is  sprayed.  Since 
some  of  the  organic  insecticides  are  highly  toxic  to  humans, 
only  approved  formulations  may  be  used. 

Exercises  (C18): 

Place  a  C  mark  beside  each  correct  statement,  and  an  X 
beside  each  incorrect  statement. 

  1.  Houseflies  are  found  all  over  the  world. 

 2 .  Flies  transmit  disease  organism-  v  n  the  tiny  hairs  on 

their  bodies  and  feet. 

 3.  Flies  have  teeth  and  chew  thr  ood. 

 4.  Proper  sanitation  is  the  most  effective  fly  control 

measure. 

 5.  Chemicals  are  a  substitute  for  sanitation. 

C19.  Indicate  whether  given  statements  correctly  reflect 
the  procedures  that  effectively  counteract  flea-borne 
diseases. 

Flea-borne  Diseases.  Fleas  are  medically  important 
because  they  produce  irritating  bites  and  because  they 
transmit  diseases  to  man.  The  fleas  which  attack  man  live 
chiefly  on  cats,  dogs,  and  rodents.  When  man  lives  and 
works  in  close  association  with  these  animals,  conditions  are 
ideal  for  the  occurrence  of  fiea-bome  diseases.  Although 
fleas  have  certain  host  preferences,  they  will  transfer  to  and 
feed  on  different  animals,  including  man. 

Individual  protective  measures.  Individual  protective 
measures  should  be  used  in  flea-infested  areas.  This  is 
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especially  important  for  those  persons  who  perform  flea  and 
rodent  control  work  where  plague  and  typhus  fever  (murine) 
are  present.  Clothing,  particularly  the  trouser  leg,  should  be 
impregnated  with  approved  insect  repellent.  The  repellent 
should  be  applied  to  the  boots,  socks,  and  lower  parts  of  the 
trouser  legs.  Th<^  sleeves  should  be  kept  rolled  down,  and  the 
trouser  legs  should  be  tucked  into  the  boots. 

Control  methods.  Fleas  are  controlled  by  applying 
approved  insecticides  to  the  animal  hosts  and  to  the  infested 
areas.  Insecticide  powder  is  applied  to  animals.  Powder  or 
liquid  insecticide  may  be  applied  to  the  infested  areas; 
however,  powder  is  preferred  for  treating  rodent  burrows,  as 
it  can  be  distributed  more  thoroughly  than  a  spray.  Ah 
insecticides  must  be  approved  by  medical  personnel  before 
using  for  any  kind  of  pestilence  control  in  the  Air  Force. 

Except  for  cats,  rabbits,  and  other  animals  which  clean 
themselves  by  licking,  powder  is  the  insecticide  ordinarily 
sed  to  control  fleas  on  animals.  Merely  dusting  the  animals, 
however,  will  not  control  the  fleas,  as  flea  eggs  and  larvae 
are  in  the  debris  about  the  areas  where  the  animals  rest. 
Unless  these  areas  are  properly  treated,  reinfestation  will 
take  place. 

Treatment  of  infested  areas.  In  the  treatment  of  areas 
infested  with  fleas  and  flea  larvae,  such  as  rodent  nests, 
b' n*ows,  runways,  and  places  where  other  animals  rest, 
lUi^cticide  is  effective.  It  should  be  approved  by  medical 
personnel  only.  Should  a  plague  epidemic  occur,  the 
operation  to  kill  the  fleas  must  always  be  accomplished 
before  the  rat-poisoning  operations  are  started;  otherwise, 
the  fleas  will  leave  the  dead  rodents  and  attack  man. 

When  rats  or  other  flea-infested  animals  enter  buildings, 
the  fleas  may  leave  the  host  and  infest  the  cracks  and  crevices 
in  the  floors.  These  fleas  may  deposit  eggs  that  hatch  into 
larvae,  which  continue  to  live  and  develop  in  the  cracks  and 
crevices  of  the  floor.  Good  cleaning  practices  will  do  much 
to  eliminate  or  prevent  such  infestations. 

Rodent  fleas  are  responsible  for  the  transmission  of  plague 
and  typhus  fever  (murine).  Various  rodents,  principally  rats 
and  ground  squirrels,  are  sources  of  infection  from  which 
fleas  pick  up  the  disease  germs  and  transmit  them  to  man. 
When  the  normal  rodent  hosts  are  unavailable,  rodent  fleas 
will  readily  attack  man.  Other  fleas  (chigoe  or  jigger  fleas) 
attack  the  bare  feet,  usnally  between  the  toes  and  on  the  soles 
of  the  feet,  where  they  cause  painful  swelling  and 
inflammation. 

Fleas  become  infected  with  plague  germs  when  they  feed 
on  a  rodent  that  has  plague.  Plague  is  then  transmitted  to 
human  through  the  bite  of  the  infected  flea.  People  can  also 
become  infected  with  plague  when  they  breathe  the  plague 
germs  coughed  out  of  the  lungs  of  a  person  who  has 
pneumonic  plague.  Typhus  fever  (murine)  is  transmitted 
when  flea  feces  or  crushed  fleas  are  scratched  into  the  skin. 
This  may  happen  when  a  person  scratches  a  fleabite. 

Exercises  (C19): 

Place  a  T  before  each  true  statement  and  an  F  before  each 
false  statement. 

  1.  Flea-borne  diseases  are  medically  important 

because  they  produce  irritating  bites  and  because 
they  transmit  disease  to  man. 


2.  Individual  protection  measures  should  not  be  used 
in  flea-infested  areas. 

3.  Rodent  fieas  are  responsible  for  the  transmission  of 
plaque  and  typhus  fever. 

4.  Fleas  become  infected  with  plague  germs  when 
they  feed  on  rodents  that  have  plague. 


C20.  State  the  procedures  for  effectively  counteracting 
ticK-borne  and  mite-borne  diseases. 

Tick-  and  Mite-Borne  Diseases.  Ticks  and  mites  are 
commonly  called  insects.  Technically,  however,  they 
belong  to  the  class  Arachuida;  true  insects  belong  to  the  class 
Insecta. 

Ticks  occur  throughout  the  world  but  are  less  common  in 
the  arctic  and  subarctic  zones.  They  are  divided  into  two 
groups:  the  hard  ticks  and  the  soft  ticks.  The  hard  tick  has  a 
hard  shield  on  its  back  (see  fig.  2-7,  A).  The  soft  tick  does  not 
have  a  hard  shield  on  its  back,  and  it  has  a  leather-like 
appearance  (see  fig.  2-7, B). 

Tick  control.  Controlling  vast  areas  of  tick-infested  land  is 
a  major  operation  done  by  either  a  preventive  medicine  unit 
or  by  other  trained  personnel.  A  certain  degree  of  control  can 
be  maintained  by  clearing  away  brush  and  vegetation  and 
keeping  animals  out  of  the  area.  Ticks  in  buildings  can  be 
controlled  by  spraying  or  dusting  such  insecticides  as 
malathion,  chlordane,  or  lindane  on  walls  and  in  cracks  and 
comers.  These  insecticides  may  also  be  used  to  spray  or  dust 
the  vegetation  and  the  ground  in  tick-infested  areas. 
Effective  control  of  ticks  is  greatly  dependent  upon 
knowledge  of  the  species  present. 

Individual  protective  measures.  Impregnating  clothing 
with  an  insecticide  clothing  repellent  gives  excellent 
protection  against  ticks.  Proper  wearing  of  the  uniform  will 
also  reduce  tick  bites.  The  bottoms  of  trousers  should  be 
tucked  inside  the  boots  without  blousing  rubbers.  Blousing 
boots  make  it  possible  for  ticks  as  well  as  mites  to  slip 
unharmed  between  the  top  of  the  boots  and  the  treated  cloth. 

Removal  of  ticks.  It  may  require  some  time  for  ticks  to 
infect  a  person  after  they  attach  to  his  body.  Persons  in 
tick-infested  areas  should  examine  themselves  and  each 
other  at  least  every  2  hours  for  the  presence  of  ticks.  This  will 
often  prevent  the  transmission  of  disease.  In  the  removal  of 
an  imbedded  tick,  care  must  be  taken  not  to  crush  it  or  to 
leave  its  mouthparts  imbedded  in  the  skin.  A  tick  can  be 
removed  most  effectively  by  using  small  forceps  to  grasp  it 
as  close  to  its  mouthpart  as  possible  and  then  carefully 
pulling  it  off.  The  tick  should  not  be  grasped  by  its  abdomen, 
since  disease  germs  may  be  injected  into  the  person  due  to 
pressure  in  this  area.  After  a  tick  is  removed,  the  area  where 
it  had  attached  itself  should  be  treated  with  a  suitable 
antiseptic. 

Mites.  Mites  are  found  throughout  most  of  the  world  and 
in  practically  all  climates.  Many  mites  feed  on  plants,  but 
some  feed  on  humans  and  animal.  Mites  lay  eggs  which 
hatch  into  six-legged  larval  mites.  Certain  mites  feed  on 
humans  and  animal  only  in  this  larval  stage;  these  are 
commonly  called  chiggers.  Larval  mites  develop  into 
nymphs;  and  these,  in  turn,  develop  into  adult  mites  (see  fig. 
2-8).  Both  nymphs  and  adults  have  eight  legs. 
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VISIBLE  MOUTHPAirrS 


NO  VISIBLE  MOUTHPARTS 


TOP  VIEW 


BOTTOM   VIEW  CFA-120 


Figiire  2-7.  Hard  ticks  and  soft  ticks. 


The  scabies  itch  mite  burrows  and  lives  in  the  skin  of 
humans,  causing  a  condition  called  scabies,  or  the  seven  year 
itch.  This  condition  is  not  fatal  but  may  cause  much 
discomfort  due  to  intense  iiching,  especially  at  night. 
Scabies  is  often  found  among  people  who  do  not  or  caiinot 
practice  good  personal  hygiene.  Scabies  mites  are 
transferred  from  person  to  person  by  intimate  personal 
contact. 

In  permanent  or  semi-permanent  camps  located  in 
scrub-typhus  areas,  it  is  desirable  to  remove  all  surrounding 
growth  with  bulldozers,  to  bum  the  collected  debris,  and  to 
place  tents  2  or  3  feet  off  the  ground.  Application  of 
insecticide  to  the  ground  in  the  camp  area  and  in  training 
areas  will  aid  in  mite  control.  Insecticides  are  effective. 
Control  of  rodents  is  also  helpful  in  reducing  the  number  of 
chkggers.  Mite-infested  areas  should,  if  possible,  be 
avoided. 

If  mite-infested  areas  cannot  be  avoided,  the  troops  should 
apply  individual  protective  measures  as  follow*;: 

(1)  All  personnel  operating  in  chigger-bome  disease  areas 
should  wear  clothing  which  has  been  impregnated  with  the 
prescribed  insect  repellent.  All  clothing  except  the 
underwear  and  the  socks  should  be  treated.  Furthermore, 
blankets  and  sleeping  bag  covers  should  be  treated  whenever 
bivouac  in  mite-infested  areas  is  planned.  The  impregnation 
instructions  printed  on  the  container  should  be  followed. 

(2)  The  uniform  should  be  worn  with  the  trouser  legs 
tucked  into  the  boots  without  blousing  rubbers  and  with  the 
sleeves  and  collar  buttoned. 

(3)  The  insecticide  should  be  applied  to  the  e/.posed  skin 
and  to  all  openings  of  the  uniform,  including  the  collar,  shirt 
front,  waistband,  sleeve  cuffs,  and  boot  tops.  And  remember 
that  the  insecticide  must  be  approved  before  use. 


NYMPH 


ADULT 

Figiire  2-8.  Life  cycle  of  the  mite. 
Exercises  (C20): 

Fill  in  the  blank  spaces  in  the  following  statements 
1 .  Ticks  and  mites  are  commonly  called 


A  certain  degree  of  tick  control  can  be  maintained  by 

clearing  away  and  and  keeping 

out  of  the  area. 


3. 


5. 


In  the  removal  of  an  imbedded  tick,  care  must  be  taken 

not  to  it  or  to  leave  its   

imbedded  in  the  skin. 

Mites  are  found  throughout  most  of  the  in 

practically  all  . 

Scabies  mites  are  transferred  from  to  person 

by  intimate  contact. 

Control  of  is  also  helpful  in  reducing  the 

number  of  chiggers. 


C21.  State  countermeasures  for  controlling  disease  and 
pestilence. 

Rodent-Borne  Diseases.  Rats  contaminate  and  destroy 
food  supplies,  damage  buildings,  and  cause  fires  by  gnawing 
the  insulation  of  electric  wires  and  conduits.  Rodents  are 
carriers  of  several  human  diseases .  Most  of  these  diseases  are 
transmitted  through  an  insect  vector,  but  with  few  exceptions 
they  can  also  be  transmitted  by  direct  contact. 

Plague.  Plague  ranks  first  in  importance  among  rodent- 
borne  diseases.  It  is  found  world-wide.  Primarily  a  disease 
of  rats  and  of  other  wild  rodents,  plague  ttiay  be  transmitted 
to  man  by  the  bite  or  the  feces  ^fV-  h  has  previously 

fed  on  an  infected  rodent.  Control  of  plague  is  accomplished 
through  the  control  of  rodent  fleas  with  the  use  of  various 
insecticides. 

Rocky  Mountain  Spotted  Fever.  Rodents  and  other 
animals  are  the  natural  reservoirs  of  this  disease.  It  is 
transmitted  to  man  by  infected  ticks. 

Tularemia.  This  is  a  serious  disease  which  may  be 
contacted  from  the  handling  of  infected  rabbits  or  other 
rodents  or  from  the  bite  of  ticks  or  deerflies.  It  is  widely 
distributed  throughout  the  United  States  and  has  also  been 
reported  in  Russia,  Japan,  Central  Europe,  Scandinavia,  and 
Canada. 
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Salmonellosis.  This  is  one  form  of  food  poisoning. 
Although  the  major  sources  of  such  poisoning  are  food 
handlers  and  poultry  products,  the  germs  may  come  from 
infected  rats  and  mice.  The  germs  may  be  transmitted  to  man 
by  food  which  has  been  contaminated  with  rat  feces  and 
urine. 

Trichinosis.  This  is  a  disease  of  rats  and  pigs.  Man 
becomes  infected  through  the  consumption  of  infected  pork 
which  has  not  been  cooked  sufficiently.  Pigs  contract  the 
disease  by  eating  infected  pork  scraps  in  garbage  and 
sometimes  by  eating  infected  rodent  carcasses. 

Control  of  Rodents.  Rodents  are  nocturnal.  They  do  not 
move  about  much  during  the  day;  they  prefer  the  cover  of 
darkness  for  food  and  water.  They  move  in  narrow  runs 
along  buildings,  walls,  pipes,  and  overhead  beams.  Rodents 
gnaw  through  materials  to  obtain  food  and  harborage.  Wood 
k  not  n  »^»»rner,  as  they  have  very  sharp  teeth  which  cut 
"^fff  r-^  .  71.  ]j  iTiey  are  spoilers.  For  example,  they  will 
jiit^  irom  many  potatoes  instead  of  eating  one, 
sample  every  bag  of  flour,  and  eat  from  every  piece  of  meat, 
thus  contaminating  all  of  them.  These  pests  damage  far  more 
food  than  they  eat. 

Environmental  control.  The  most  effective  rodent  control 
is  to  pi^vent  thz  infestation  of  rodents  by  making  food  and 
places  for  harborage  inaccessible  and  by  surveying  the  area 
regulzirly  for  signs  of  rodents.  The  commander  should  utilize 
the  field  sanitation  team  to  maintain  environmental  control  of 
rodents. 

Food  and  harborage  can  be  made  inaccessible  by 
ratproofmg  all  buildings  as  well  as  the  food  storage  areas 
inside  buildings.  Mess  personnel  should  be  required  to  store 
open  packages  of  food  in  tightly  covered  metal  containers. 
Furthermore,  personnel  should  be  required  to  store  any 
personal  food  in  tightly  covered  containers  such  as  cake  tins. 
All  garbage  and  rubbish,  which  are  food  and  harborage  for 
rodents,  should  be  removed. 

Surveys  for  signs  of  rodents  should  be  made  by  the  field 
sanitation  team  regularly  in  order  to  detect  the  presence  of 
rodents  ezu-ly.  All  airmen  should  be  oriented  to  report 
observations  of  rodent  signs.  The  following  signs  indicate 
not  only  the  presence  of  rodents  but  also  the  type  of  rodents, 
the  approximate  number,  and  their  location. 

(1)  Sounds.  Rodents  can  be  heard  scurrying  about  at  night 
or  during  the  day  when  the  part  of  the  building  which  they 
inhabit  is  dark. 

(2)  Burrows  in  the  ground.  Burrows  may  be  found  inside  a 
building  with  tl^^ors,  outside  with  the  tunnel  leading 
inside  a  >  lildinrr  ^i  ou  !  nibbish  or  woodpiles,  and  around 
stack.^  .V    ^ppUe        v.  'side. 

(3'  •^<;\)-  *     ntainers  art d  walls.  Rats 

gnav.  }v      i  lui  iood  and  harborage. 

(4)  Smudges  aiuag  beams,  pipes,  or  floors  close  to  walls. 
Like  most  animals,  rats  create  paths  or  runs  in  which  they 
travel.  A  run  has  a  smudgy,  greasy  appearance. 

(5)  Droppings.  Rats  drop  pelletlike  excreta  along  the  runs 
or  on  the  floor  under  the  runs.  This  sign  is  very  helpful  in 
determining  the  extent  to  which  rodents  have  infested  the 
area. 

(6)  Dead  rodents.  In  the  absence  of  chemical  and 
mechanical  control  measures,  dead  rodents  may  indicate  the 
presence  of  plague. 


Mechanical  control.  Mechanical  control,  which  is 
achieved  through  the  use  of  traps,  is  the  method  of  choice  in 
any  area  where  food  is  handled  or  stored  because  of  the 
hazards  created  in  using  a  poisonous  chemical  suround  food. 
A  large  number  of  traps  should  be  used  because  a  catch  of 
one  rodent  per  ten  traps  is  considered  good.  Various  types  of 
mechanical  traps  are  available.  The  type  used  most 
frequently  is  the  snap  trap,  which  kills  the  rodent.  Rodents 
ordinarily  prefer  foods  that  are  prominent  in  the  diet  of 
people  around  whom  they  live.  Good  baits  are  oily  foods 
such  as  bacon  and  peanut  butter;  cereals  such  as  oatmeal  and 
cream  of  wheat;  and  fresh  fruits  and  vegetables  such  as 
apples,  bananas,  lettuce,  and  carrots. 

Chemical  control.  Chemical  control,  which  is  achieved 
through  the  use  of  poisonous  bait  stations,  may  be  the 
method  of  choice  except  in  the  areas  where  food  is  handled  or 
stored.  Unit  personnel,  including  the  field  sanitation  team, 
i7\ust  never  use  poisonous  bait  in  food  areas.  If  this  becomes 
necessary,  the  work  should  be  performed  by  personnel  who 
have  had  specialized  training. 

Disposal  of  dead  rodents.  All  traps  and  bait  stations  must 
be  checked  early  each  morning  for  dead  rodents.  The  dead 
rodents  should  be  destroyed  by  the  field  sanitation  team. 

Up  to  now,  we  have  covered  just  some  of  the  diseases  and 
pestilences  that  an  airman  may  come  in  contact  with  during  a 
contingency  operation.  But  be  assured  that  we  have  not 
covered  all  of  them.  We  only  gave  you  a  general  idea  of  what 
you  may  encounter  in  an  operation. 

Exercises  (C21): 

Fill  in  the  blanks  in  the  following  statements. 

1.  Rodents  are  carriers  of  several  diseases. 

2.  Plague  ranks  first  in  importance  among 
  diseases. 

3.  The  most  effective  rodent  control  is  to  prevent  the 

  of  rodents  by  making  and 

places  .  for  rodents  inaccessible. 

4.  Personnel  should  be  required  to  store  any  personal  food  in 
tightly  covered  . 

5.  control  is  the  method  of  choice  in  any  area 

where  food  is  handled. 

6.  All   and    stations  must  be 

checked  early  each  morning  for  dead  rodents. 

C22.  Given  statements  dealing  with  mosquito-borne 
diseases,  identify  each  statement  as  either  true  or  false. 

Mosqir  5 to-Borne  f>"  ^>-ases.  Mosquitoes  are  found  all  over 
the  w<>  lc  th  trop  ^  >  and  subtropics  they  breed 
throughout  the  year;  even  in  the  subarctic  regions  they  appear 
in  great  numbers  during  the  brief  summer  months.  Most  of 
the  disease-carrying  mosquitoes  are  found  in  the  milder 
climates  and  in  the  tropics.  Different  types  of  mosquitoes 
transmit  different  types  of  diseases. 

There  are  many  diseases  transmitted  by  mosquitoes.  Some 
of  the  more  important  ones  are  malaria,  yellow  fever,  dengue 
fever,  encephalitis,  and  filariasis.  Of  these  diseases,  malaria 
is  the  greatest  threat  to  military  operations.  It  is  important  to 
know  that  anti-mosquito  measures  are  the  major  weapons 
against  this  group  of  diseases.  Also  available  are  excellent 
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drugs  for  the  suppression  and  cure  of  malaria  and  an 
excellent  vaccine  for  the  prevention  of  yellow  fever. 

Malaria.  Although  the  occurrence  of  malana  is  rare  in  the 
United  States,  it  commonly  occurs  in  most  tropical, 
subtropical,  and  semitropical  areas  of  the  world.  Malaria  is 
caused  by  a  microscopic  parasite.  This  parasite  destroys  the 
blood  cells  and  causes  chills,  fever,  weakness,  and  anemia. 
Unless  the  disease  is  treated  promptly  and  properly,  it  may 
cause  death  from  damage  lo  the  brain.  The  only  sure  way  of 
preventing  malaria  is  to  avoid  the  bites  of  infected 
mosquitoes.  When  complete  mosquito  control  is  difficult  or 
even  impossible,  such  as  during  periods  of  active  combat, 
the  prevention  of  malaria  is  dependent  upon  the  application 
of  individual  protective  measures  and  the  use  of  anti-malarial 
drugs  as  prescribed. 

Yel'nw fever.  Yellow  fever  is  a  viral  disease  now  confined 
to  tropical  Africa  and  tropical  America.  Yellow  fever  is 
characterized  by  fever,  headache,  backache,  jaundice,  and 
internal  bleeding.  The  most  important  preventive  measures 
include  the  administration  of  a  highly  effective  vaccine  and 
the  application  of  individual  protective  measures. 

Dengue  Fever.  The  term  dengue  refers  to  a  group  of  viral 
diseases  which  are  widespread  throughout  the  tropical  areas 
of  the  world.  Often  the  only  symptom  is  a  mild  fever,  but 
there  may  also  be  severe  muscular  pain.  No  vaccine  is 
available  for  this  disease.  The  best  means  for  avoiding 
dengue  fever  is  the  prevention  of  mosquito  bites  by  using 
individual  protective  measures. 

Encephalitis  (sleeping  sickness).  There  are  many  forms  of 
encephalitis  throughout  the  world.  Often  these  diseases  are 
named  after  the  geographical  area  in  which  they  are  first 
identified.  They  are  viral  diseases  which  usually  affect  the 
central  nervous  system  (brain  and  spinal  column).  Some  of 
the  viruses  are  thought  to  be  transmitted  from  birds  to 
humans  by  mosquitoes.  No  vaccines  are  available;  thus, 
individual  protective  measures  are  essential  in  the  prevention 
of  this  group  of  diseases.  These  mosquito-bome  types  of 
sleeping  sickness  are  not  to  be  confused  with  African  or 
American  trypanosomiasis  which  is  also  known  as  sleeping 
sickness. 

Breeding.  Mosquitoes  will  breed  in  practically  any 
collection  of  water  which  stands  longer  than  5  to  7  days,  (see 
fig.  2-9).  Those  breeding  in  and  around  human  dwelling 
places  are  called  domestic  mosquitoes.  Different  kinds  of 
mosquitoes  vary  in  their  choice  of  breeding  places.  Some 
like  sunlit  places;  others  prefer  the  shade.  Some  prefer  fresh 
water  to  stagnant  v  ^^ter;  others  prefer  the  brackish  water  of 
salt  marshes.  C     ,\io^  '     - '-nr  sites  are  ponv^-  inL 

A  amps  an<  diicncb,  »ain  oarrels,  road  gutters,  pit 

latrines,  an       uivation  sites. 

Mosquii  rol.  The  unit  commander  is  responsible 

for  mosquito  control  in  the  unit  area.  He  or  she  should 
employ  the  field  sanitation  team  to  take  unit  control  measures 
and  to  supervise  the  application  of  protective  measures  that 
the  individual  must  take. 

Air  Force  medical  department.  The  medical  department 
conducts  surveys  to  determine  control  requirements,  advises 
the  commander  of  effective  control  measures  for  a  particular 
area  or  situation,  and  prescribes  the  anti -malarial  drug 
program.  This  department  also  assists  in  the  training  of  the 
unit  field  sanitation  team  appointed  by  the  commander  and 


supervises  or  conducts,  as  required,  control  operations 
beyond  the  capabilities  of  the  field  sanitation  team. 

Control  of  breeding  sites.  Since  all  mosquitoes  require 
water  for  breeding,  the  control  of  water  sites  is  the  most 
effective  means  of  eliminating  mosquitoes.  The  unit  field 
sanitation  team  accomplishes  this  by  (1)  insuring  the  proper 
disposal  of  discarded  containers  and  the  elimination  of  any 
holes,  ruts,  or  other  low  areas  in  which  water  can  collect  and 
stand,  and  (2)  applying  an  insecticide  to  the  waterholes 
which  cannot  be  eliminated,  at  sufficient  intervals  to  kill  the 
mosquito  larvae.  Insecticides  for  the  control  of  larvae  may  be 
applied  in  various  formulations.  Only  a  small  quantity  of  the 
actual  chemical  ingredient  is  necessary  to  attain  control.  Any 
large  bodies  of  standing  water  in  which  mosquitoes  are 
breeding  shculd  be  reported  so  that  such  cc  itrol  measures  as 
ditching,  draining,  and  filling  may  be  accomplished  by  units 
with  the  required  capabilities. 

Control  of  adult  mosquitoes.  Adult  mosquitoes,  as  well  as 
other  insects,  are  controlled  by  clearing  away  such  mosquito 
resting  places  as  tall  grass,  bushes,  and  vines;  by  space 
spraying  with  an  insecticide;  and  by  applying  a  residual 
insecticide  to  quarters  or  shelters,  mess  areas,  and  latrines. 
Adult  mosquitoes  are  further  controlled  by  the  application  of 
individual  protective  measures  prescribed  to  protect  troops 
against  mosquito  bites.  The  troops  must  be  taught  the  proper 
application  of  the  protective  measures  which  they  are  to  use 
individually. 

Insecticides.  A  residual  insecticide  is  one  that  is  applied  to 
surfaces  from  which  insects  may  later  get  a  toxic  dose.  A 
residual  spray  may  remain  toxic  to  certain  insects  for  a  few 
days  to  several  months  after  application.  A  residual  spray  is 
applied  to  the  interior  surfaces  of  walls  and  ceilings  where 
mosquitoes  usually  rest  when  not  feeding.  Under  certain 
conditions,  a  residual  spray  is  applied  to  shrubbery  and  other 
vegetation  outside  to  form  a  protective  barrier  or  zone 
between  the  breeding  areas  and  human  habitations. 
Insecticides  are  used  and  controlled  by  qualified  medical 
personnel. 
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Figure  2-9.  Life  cycle  of  the  mosquito. 
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Exercises  (C22): 

Place  a  T  in  the  blank  provided  for  each  true  statement  and  an 
X  in  the  blank  for  each  incorrect  statement. 

 1.  Yellow  fever  is  a  viral  disease. 

 2.  The  only  sure  way  of  preventing  malaria  is  to  avoid 

the  bites  of  infected  mosquitoes, 
 3.  Vaccines  are  the  only  available  protective  nicasurrs 

for  encephalitis. 


 4.  Mosquitoes  will  breed  in  practically  any  collection 

of  damp  sand  which  stands  longer  than  five  to  seven 

days. 

 5.  The  control  of  water  sites  is  the  most  effective 

means  of  eliminating  mosquitoes. 

  6.  Adult  mosquitoes  can  be  controlled  by  cleui^.^g 

away  grass.  bushL-s,  and  vines. 


CHAPTER  3 


Work  Party  Security 


THE  RESPONSIBILITY  for  the  defense  of  an  air  base  rests 
with  those  security  police  specialists  assigned  to  the  base 
ground  defense  force.  As  you  know,  this  force  comes  into 
being  only  as  a  result  of  hostile  actions,  as  in  case  of  general 
or  limited  war  actions,  or  in  some  cases  as  the  result  of  a 
terrorist  group's  attempt  to  attack  and  overcome  the  base 
security  force.  Regardless  of  the  reason  for  activation,  you 
undoubtedly  will  become  an  integral  part  of  the  defense 
force. 

Before  you  can  be  an  effective  member  of  the  ground 
defense  force,  you  must  possess  and  apply  certain  individual 
and  group  defensive  skills.  These  skills  can  help  you  close 
with  and  capture  or  eliminate  an  enemy  force.  These  same 
skills  can  also  reduce  the  probability  of  your  being  detected 
by  an  enemy  force.  These  skills  are  particularly  valuable 
should  the  situation  be  such  that  you  must  remain  undetected 
until  a  significant  event  occurs.  Camouflage,  movement,  fire 
control,  and  field  fortification  are  discussed  in  this  chapter. 

3-1.  Camouflage  Techniques 

Camouflage  is  a  French  word  meaning  disguise;  it  is  used 
to  describe  actions  taken  to  mislead  the  enemy  by 
misrepresenting  the  true  identify  of  an  installation,  an 
activity,  or  an  item  of  equipment.  Camouflage,  as  an  element 
of  military  deception,  permits  you  to  approach  unseen  and  to 
remain  hidden  within  striking  distance  of  an  enemy.  It  also 
affords  protective  concealment  for  a  firing  position, 
materiel,  and  personnel.  Camouflage  permits  you  to  sec 
without  being  seen,  thereby  enabling  you  to  strike  first  and  at 
minimum  cost. 

Although  camouflage  may  be  easily  described,  good 
camouflage  is  not  easy  to  attain.  Many  factors  must  be 
considered  and  remembered.  This  section  addresses  the 
purpose  of  camouflage,  describes  the  three  methods  of 
camouflage,  and  discusses  how  you  can  attain  good 
camouflage  for  yourself,  your  equipment,  and  yoiu*  position. 

C23.  Spot  ify  the  purpose,  methods,  and  factors  of 

camounajjo. 

Camouflage  Objectives.  Of  a  human's  five  perceptive 
senses,  sight  is  by  far  the  most  useful  to  the  enemy;  hearing  is 
second;  smell  is  of  only  occasional  importance.  The 
comparative  usefulness  of  the  perceptive  senses  is  primarily 
a  matter  of  range.  For  this  reason,  basic  camouflage  stresses 
visual  concealment  that  is  relatively  long  range  and  protects 
from  direct  or  indirect  observation. 


Direct  observation.  Direct  observation  is  the  process 
whereby  the  observer  looks  directly  at  the  object  itself,  with 
or  without  the  use  of  telescopes,  fieldglasses,  or 
sniperscopes.  Direct  observation  can  be  made  from  ground 
or  air.  Direct  aerial  observation  becomes  more  and  more 
important  because  of  rapid  changes  in  the  tactical  situation 
due  to  greater  mobility  of  troops,  weapons,  and  possible  use 
of  guided  missiles  by  enemy  forces.  Reconnaissance 
airplanes  over  enemy  lines  report  locations  of  troops, 
vehicles,  and  installations  seen  from  the  air  to  the  ground 
control  stations.  Immediate  fire  can  then  be  brought  to  bear 
on  targets  thus  found  and  reported. 

The  principal  advantage  of  direct  observation  is  that  the 
observer  can  readily  see  movement  of  troops  or  equipment  in 
the  observed  area,  and  observation  can  be  maintained  over 
relatively  long  periods  of  time.  The  main  disadvantage  lies  in 
human  fiailty— that  is,  the  physical  condition  of  the  observer 
can  affect  his  power  of  observation. 

Indirect  observation.  Indirect  observation  is  the  use  or 
study  of  a  photograph  or  an  image  of  the  ^  '  j^^i. 
Photography,  radar,  and  television  are  examples  of  indirect 
observation.  Indirect  observation  is  becoming  increasingly 
more  varied  and  rapid,  and  it  may  be  used  from  either 
manned  or  unmarmed  positions. 

Indirect  observation  has  many  advantages:  it  can  be 
far-reaching,  cover  large  areas,  and  can  be  very  accurate.  It 
also  produces  a  record  of  the  area  observed  so  that  the 
recorded  picture  can  be  studied  in  detail,  compared,  to  other 
pictures, and  evaluated.  The  principal  disadvantage  is  that  a 
photograph  rarely  allows  detection  movement.  However, 
this  disadvantage  can  be  overcome  partially  by  taking 
pictures  of  the  same  area  at  different  times  and  comparing 
them  for  changes. 

Camouflage  Methods.  There  are  three  basic  ways  of 
concealing  yourself,  your  equipnmient,  and  your  at  y. 
The  following  paragraphs  describe  what  you  must  strive  to 
achieve  with  each  method. 

Hiding.  Hiding  is  the  complete  concealment  of  an  object. 
You  must  master  the  act  of  hiding.  You  can  do  this  easily  if 
you  re.  nber  the  childhood  game  of  hide-and-seek.  Where 
did  you  always  look  first?  In  the  most  obvious  location,  of 
course.  An  enemy  force  will  do  the  same  when  looking  for 
your  position. 

Blending.  Blending  is  the  arrangement  of  camouflage 
materials  on,  over,  and  around  an  object  so  that  it  appears  to 
be  part  of  the  background.  The  aim  is  to  prevent  detection  of 
the  object  caused  by  a  change  in  the  natural  appearance  of  the 
position.  Because  the  works  of  man  are  usually  geometric  in 
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form,  they  present  easily  recognized  outlines  and  rectangular 
shapes  and  shadows  that  are  very  unlike  the  average  terrain 
features.  Blending  distinctive,  man-made  objects  into  the 
normal  terrain  pattern  requires  that  you  restore  and  simulate 
the  normal  and  natural  appearance  of  the  terrain. 

Deceiving,  Deceiving  simulates  an  object  or  situation,  or 
disguises  it  so  that  it  app>ears  to  be  something  else  Deception 
is  intended  to  mislead  an  enemy  into  false  identification  of 
strengths,  activity,  or  intentions. 

Camouflage  Requirements.  For  camouflage  to  be 
successful,  three  fundamental  requirements  must  be 
observed;  namely,  choice  of  position,  camouflage 
discipline,  and  camouflage  construction.  These 
requirements,  and  factors  inherent  in  meeting  these 
requirements,  are  presented  in  the  following  narrative. 

Choice  of  position.  When  choosing  a  position  to  gain 
concealment,  a  background  is  chosen  that  visually  absorbs 
the  elements  of  the  position  (see  fig.  3-1).  The  appearance  of 
the  background  must  be  changed  as  little  as  possible  by  the 
presence  of  individuals,  weapons,  and  equipment.  Finally, 
the  position  selected  must  not  hinder  the  accomplishment  of 
the  mission.  With  these  factors  foremost  in  mind,  a  natural 
position  is  located;  that  is,  a  position  that  can  be  used  almost 
as  it  is,  such  as  a  natural  cover.  Isolated  landmarks  such  as 
individual  trees,  haystacks,  or  a  house  should  be  avoided 
because  they  attract  attention  to  themselves.  At  times,  by 
making  use  of  background,  complete  concealment  against 
visual  and  photographic  detection  may  be  gained  with  no 
construction.  In  terrain  where  natural  cover  is  plentiful,  this 
is  a  simple  task.  By  taking  advantage  of  terrain  irregularities, 
even  though  natural  cover  is  scarce,  you  may  gain  complete 
concealment  without  added  camouflage  construction. 

Camouflage  discipline.  Camouflage  discipline  is  the 
avoidance  of  activity  that  changes  the  appearance  of  an  area 
or  reveals  military  objects  to  the  enemy.  A  well-camouflaged 
position  is  only  secure  as  long  as  it  is  well  maintained. 

a.  Daytime.^  Concealment  is  worthless  if  obvious  tracks 
point  like  directional  arrows  to  the  heart  of  the  location  or  if 
signs  of  occupancy  are  permitted  to  appear  in  the  vicinity. 
Tracks,  spoil  (leftover  construction  material),  and  debris  are 
the  most  common  signs  of  military  activity  that  indicate 
cor  Jed  objects.  Therefore,  existing  tracks,  paths,  roads, 
or  natural  lines  in  the  terrain  should  be  used.  Exposed  routes 
should  not  end  at  a  position,  but  rather,  extend  to  another 
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Figure  3-1.  Choice  of  position. 


logical  termination  point.  If  practical,  exposed  tracks  are 
camouflaged  by  brushing  them  out,  by  covering  them  with 
material,  or,  where  time  permits,  by  planting  local 
vegetation.  Spofl  and  debris  are  covered  oi  placed  to  blend 
with  the  surrounding  terrain.  Smoke  from  fires  must  be 
controlled  and  dispersed. 

b.  Nighttime.  Concealment  at  night  is  less  necessary  than 
in  the  daytime.  Therefore,  the  enemy  can  use  the  cover  of 
darkness  to  their  advantage.  They  can  do  this  much  easier 
than  they  can  in  daylight  if  given  clues  to  guide  them. 
Camouflage  discipline  thus  becomes  doubly  important  at 
night.  For  example,  aerial  photos  taken  at  night  (by  light 
furnished  by  flares  dropped  from  planes)  can  pick  up 
breaches  of  camouflage  discipline  that  are  more  likely  to 
occur  at  night  than  during  the  day.  Consequently,  light 
discipline  is  very  important  at  night.  Sound  discipline  is 
always  important.  Nosies  seem  magnified  at  night;  clanking 
gear  or  snoring  may  prove  fatal.  Calling  to  one  another  and 
talking,  even  whispering,  should  be  kept  to  a  minimum. 
However,  by  far  the  most  important  phase  of  night  discipline 
is  light  discipline.  Necessary  work  lights  must  be  shielded  by 
using  them  inside  an  enclosure,  such  as  a  lightproof  tent  or 
bunker.  Even  on  the  darkest  nights,  your  eyes  grow 
accustomed  to  the  lack  of  light  in  approximately  30  minutes. 
Every  time  a  match  is  lit  or  a  flashlight  is  used,  your  eyes 
must  go  through  the  complete  process  of  getting  adjusted  to 
the  darkness  again.  Smoking  must  also  be  prohibited  at  night 
in  areas  close  to  the  enemy  because  the  light  is  impossible  to 
conceal.  A  cigarette  light  aggravates  the  situation  by  creating 
a  reflection  that  completely  illuminates  your  face. 

c.  Lessening  sound.  Sound  can  be  lessened  by 
precautionary  measures.  Loud  orders,  talking,  calling,  and 
sneezing  must  be  avoided.  Walking  cn  hard  surfaces  should 
be  avoided  and  full  use  should  be  made  of  soft  ground  for 
digging .  Hand  signals  or  signs  should  be  used  when  possible . 
Individual  equipment  should  be  padded  and  fastened  in  such 
a  manner  as  to  prevent  banging  noises.  Loading  and 
unloading  of  vehicles  must  be  accomplished  in  complete 
silence;  every  piece  must  be  carefully  lifted  and  gently  set 
down;  and  straw,  wood  shavings,  or  other  muffling  agents 
should  be  used  for  packaging.  It  may  even  become  necessary 
for  you  to  disconnect  vehicle  horns  and  shut  off  engines. 
Remember,  the  noise  of  engines  and  tracked  vehicles  cannot 
be  diminished  while  they  are  in  movement. 

Camouflage  construction.  Camouflage  construction  is 
used  for  a  camouflaged  position  that  requires  additional 
concealment.  Camouflage  construction  is  the  use  of  artificial 
and  natural  materials  to  help  blend  personnel  and  equipment 
with  the  surrounding  terrain.  Artificial  materials  are 
manmade;  they  and  include  such  items  as  paint,  wire,  burlap, 
chicken  wire,  fiberglass,  garnished  nets  of  various  types  and 
sizes,  and  osnaburg  (a  cotton  cloth  more  closely  woven  than 
burlap). 

If  artificial  materials  are  us»ed,  they  must  be  arranged  to 
blend  with  the  surrounding  terrain  and  must  be  capable  of 
withstanding  local  weather  conditions.  3easonal  changes 
may  require  gradual  alternation  in  the  color  or  kind  of 
material  used. 
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Exercises  (C23): 

1.  What  purpose  is  served  by  camouflage? 


2 .  If  you  wanted  to  completely  screen  a  position  from  enemy 
observation,  which  camouflage  method  should  you  use? 


3.  What  camouflage  method  would  lead  an  enemy  observer 
to  believe  there  were  more  people  in  a  position  than  there 
actually  were? 


4.  When  using  camouflage,  what  three  requirements  must 
be  strictly  adhered  to? 


5.  What  two  elements  of  camouflage  discipline  are 
especially  important  at  night? 


C24.  In  given  situations,  determine  what  type  of 
camouflage  to  use. 

Individual  Camouflage.  Individual  camouflage  is  the 
personal  concealment  you  use  to  surprise  or  deceive  an 
enemy.  To  achieve  individual  camouflage,  you  must 
remember  the  purpose  of  camouflage  and  decide  upon  the 
camouflage  method  to  use.  The  following  narrative  presents 
important  considerations  in  camouflage  of  the  individual. 

Uniform,  Your  utility  uniform  (fatigues)  is  designed  to  be 
as  inconspicuous  as  possible.  However,  there  are  occasions 
when  your  uniform's  appearance  or  color  must  be  altered  to 
help  you  blend  with  the  terrain — for  instance,  for  wear  on  a 
snow-covered  mountain. 

Skin  tonedown.  The  contrast  in  tone  between  the  skin  of 
-'our  face  and  hands  and  that  of  the  surrounding  foliage  and 
.  Jicr  background  must  be  reduced.  Your  skin  must  be  made 
lighter  or  darker,  as  necessary,  to  blend  with  the  surrounding 
natural  tones.  The  issue  facestick  may  be  used  whenever 
natural  materials  are  not  available.  The  facial  shine  areas  are 
the  forehead,  cheekbones,  nose,  and  chin;  these  areas  should 
have  a  dark  color.  The  shadow  areas  around  your  eyes,  under 
your  nose,  and  under  your  chin  should  have  a  light  color,  as 
shown  in  figure  3-2.  Your  hands,  arms,  and  any  other 
exposed  areas  of  skin  must  also  be  toned  down  to  blend  with 
the  surroundings.  Burnt  cork,  charcoal,  lampblack,  and  mud 
can  all  be  used  as  toning  materials.  Because  soils  contain 
harmful  bacteria,  a  medical  officer  should  determine  which 
soils  are  safe  for  use.  A  mesh  mosquito  face  net,  properly 
toned  down,  is  an  effective  method  of  breaking  up  the 
outlines  of  your  face  and  ears.  Such  a  net  can  be  dyed  in 
strong  coffee  when  manufactured  dye  is  not  available. 
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Helmet.  The  outline  of  your  helmet  is  a  striking 
characteristic  of  your  equipment.  Its  curved  shape  is  familiar 
to  the  enemy.  One  of  the  first  steps  in  individual  camouflage 
is  to  disrupt  the  shape  of  your  helmet  and  thereby  eliminate 
the  strong,  straight-lined  shadow  that  it  casts.  The  following 
ways  of  disrupting  the  shape  of  the  helmet  and  reducing  its 
shine  or  contrast  can  be  used  (see  fig.  3-3).  The  choice  of 
method  depends  on  the  tactical  situation  and  time  and 
materials  available. 

a.  Paint.  A  disruptive  paint  pattern  can  be  used  on  the 
helmet.  Care  must  be  taken  to  carry  the  pattern  across  the 
curved  lines  to  the  helmet  edges,  especially  those  seen  from 
the  front. 

b.  Bands.  Rubberbands  can  be  used  as  holders  for  garnish 
of  natural  materials.  A  band  cut  from  a  discarded  inner  tube 
makes  a  good  substitute  for  the  issue  band,  as  do  strips  of 
cloth.  Bands  should  not  be  placed  too  high  on  the  helmet. 
When  natural  materials  are  not  available  or  not  advisable  for 
garnish,  the  shape  of  your  helmet  can  also  be  disrupted  with 
bow  ties  made  of  burlap  or  osnaburg.  They  should  be  small 
enough  so  that  they  do  not  readily  catch  in  bushes  or  branches 
and  large  enough  to  disrupt  the  form  of  the  helmet. 

c.  Helmet  covers.  An  improvised  cover  can  be  made  for 
your  helmet  from  a  circular  piece  of  osnaburg,  burlap,  or 
other  coarse-weave  cloth.  Burlap  is  best;  it  helps  to  tone 
down  the  color  of  the  helmet,  disrupts  its  shape,  and 
eliminates  shine.  The  circular  piece  should  be  20  inches  in 
diameter.  A  2-inch  hem  is  sewn  around  the  edge,  a  tape  or 
•drawstring  is  pulled  through  the  hem,  and  the  cover  is  pulled 

loosely  onto  the  helmet.  It  should  be  painted  or  smeared  with 
mud  to  break  up  the  continuous  tone.  Slits  must  be  cut  in  the 
cover  to  allow  for  the  insertion  of  foliage.  No  matter  what 
kind  of  helmet  cover  is  used,  it  is  incomplete  if  the  shadow 
underneath  the  helmet  is  not  broken  up  by  arranging  bits  of 
foliage  or  other  garnish  so  that  pieces  of  it  hang  over  the  rim 


Figure  3-2.  Skin  tone  down 
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NATURAL  MATERIAL  HELD  IN 
PLACE  BY  RUBBE:R  BAND. 


DISRUPTIVE  PAINTING 

Figure        Helmei  camouflage. 


coo- 13 


Figure  3-4.  Silhouette. 


of  the  hrlmet.  Small  irregular  fringes  of  cloth,  similarly 
ajrangeu,  can  accomplish  the  i.ame  purpose  and  at  the  same 
time  keep  gnats  and  mosquitoes  away  from  your  face  and 
neck. 

Citnvas  ^ear.  Clean  canvas  equipment  is  great  for 
insiHc'u^ns,  but  in  a  combat  situation  such  equipment 
•iobtcr.  the  principles  of  camouflage.  Patches  of  lighter  or 
'  ker  color  aie  easily  spotted.  One  of  the  first  tasks  in 
diessing  for  the  job  of  fighting  is  to  reduce  the  tone  contrast 
t>ctween  your  equipment  and  the  suiToundings.  This  requires 
darkening  your  equipment  in  some  instances  and  making  it 
lighter  in  tone  in  others.  Reducing  tone  contrast  can  be  done 
with  paint,  cloth,  mud,  charcoal,  or  any  other  suitable 
substance  that  is  available. 

Silhouette.  Although  the  airman  shown  in  figure  3-4 
blends  with  the  ground,  he  is  sharply  silhouetted  against  the 
sky.  Such  clearly  defined  edges  must  be  avoided.  The  correct 
way  to  look  over  the  bank  is  from  the  midst  of  objects  that  are 
irregular  in  shape  and  that  can  conceal.  In  the  illustiation,  the 
base  of  the  tree  would  be  a  good  location  to  reduce  silhouette . 

Action  at  night.  As  in  the  daytime,  silhouette  and 
background  are  vital  elements  in  concealment.  A  silhouette 
is  always  black  against  a  night  sky.  You  must  take  care  at 
night,  as  in  the  daytime,  to  stay  away  from  the  skyline 
(horizontal  plane  where  sky  and  earth  appear  to  join).  On 
bright  moonlit  nights,  you  must  use  the  same  precautions  as 
for  daylight.  You  should  also  remember  that  the  position  of 
an  enemy  force,  not  the  topographic  crest  of  a  hill,  fixes  the 
skyline.  At  night,  sound  seems  amplified  and  is  revealing. 
Thus,  your  movement  must  be  careful,  quiet,  and  close  to  the 
ground.  On  the  other  hand,  should  you  hear  the  pop  of  a  flare 
before  it  illuminates  the  area,  drop  to  the  ground  and  remain 
motionless.  If  you  are  surprised  by  the  light  from  a  flare, 
freeze  in  place,  with  your  face  pointed  down  toward  the 
ground. 

Position  Camouflage.  Proper  site  selection  is  the  most 
important  consideration  in  planning  field  fortifications. 
However,  to  serve  in  their  fullest  capacity,  field 
fortifications  and  obstacles  must  be  camouflaged  in  such  a 
manner  that  they  are  a  complete  surprise  to  the  enemy.  The 
camouflage  task  is  made  easier  by  proper  site  selection. 

Field  fortifications  are  sited  to  take  advantage  of  the 
terrain  and,  at  the  same  time,  permit  camouflage  that  is  vital 
for  their  security  and  stability.  A  position  should  be  selected 
that  does  not  require  a  change  in  the  appearance  of  the 
terrain.  Consideration  of  the  camouflage  aspect  saves  time 
and  labor  in  effecting  good  concealment.  To  reduce  ground 
observation,  a  position  should  be  located  with  a  good 
background  so  that  occupants  are  not  silhouetted.  When 
proper  advantage  is  taken  of  the  terrain,  positions  can  be 
inconspicuous  from  ground  observation.  To  reduce  the 
possibility  of  aerial  observation,  regular  geometric  layouts  of 
positions  must  be  avoided,  and  decoys  and  dummies  should 
be  used  to  confuse  the  enemy.  Positions  should  be  located 
under  trees,  under  bushes,  or  in  dark  areas  of  the  terrain, 
although  your  locations  should  not  be  isolated  to  the  extent  of 
being  a  landmark  or  an  aiming  point. 

Postponing  erection  and  construction  of  field  fortifications 
is  often  the  best  way  to  camouflage  a  position.  However, 
where  the  enemy  has  nuclear  employment  capabilities,  the 
erection  or  construction  must  not  be  postponed. 
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CORRECT  REMOVAL 


CORRECT  REPLACEMENT 

Figure  3-5.  Concealing  construction  spoil. 

Construction.  Before  any  excavation  is  started,  all  natural 
materials  for  camouflage  construction  such  as  turf,  sod, 
leaves,  forest  humus,  or  snow,  must  be  removed.  This 
material  is  placed  or  scraped  aside  so  as  to  not  interfere  with 
the  digging  of  the  position.  It  is  replaced  over  the  site  when 
the  work  is  completed  (see  fig.  3-5).  Soil  (spoil)  that  is  not 
used  must  be  carried  away  and  dumped  in  a  concealed  place, 
such  as  under  bushes  and  low  trees.  Concealment  is  vital 
during  camouflage  construction.  To  prevent  detection  of 
camouflage  construction  that  has  little  or  no  overhead  cover, 
camouflage  nets  can  be  suspended  above  the  position.  The 
nets  are  placed  so  a^  to  permit  unhampered  excavation  work. 
Workers  must  then  confine  their  activities  to  the  area  beneath 
the  camouflage. 


Covers.  Camouflage  covers  are  essential  for  positions  that 
cannot  be  sited  under  natural  concealment.  They  are  also  a 
valuable  aid  in  preventing  detection  of  the  position.  Natural 
materials  native  to  the  site  must  be  used  to  a  good  advantage. 
Artificial  or  manufactured  material  may  be  used  if  garnished 
or  pattern-painted  to  match  terrain  features.  Covers  made 
from  these  natural  or  artificial  niateiinls  for  hasty  field 
fortifications  should  be  Hght  in  weight  to  permit  easy 
removal .  ^ 

Weapon  camouflage.  Your  individual  weapon  must  be 
concealed  to  complete  the  camouflage  of  a  position.  Weapon 
outline  a:K'  sh'ny  surfaces  are  the  two  factors  involved  in 
concealment  or  the  weapon  by  camouflage.  An  M~16  rifle, 
shotgun,  machinegun,  and  recoilless  and  antitank  weapons 
have  distinctive  outlines  that  are  easily  identifiable. 
Concealment  of  the  weapon  by  digging  it  in  to  present  a  low 
silhouette  and  by  using  nets  and  natural  cover  are  excellent 
methods.  However,  the  tactical  situation  does  not  always 
permit  sufficient  time  for  these  methods.  One  of  the  simplest 
ways  to  distort  the  outline  of  the  weapon  is  to  wrap  it  with 
standard  burlap  garnishing  or  strips  of  cloth  (see  fig.  3-6) 
dyed  to  match  the  surrounding  terrain.  Foliage  placed  on 
various  parts  of  the  weapon  is  another  field  expedient; 
however,  this  is  difficult  to  maintain  when  the  weapon  is 
operational. 

Painting.  Pattern  painting  of  a  weapon  (f^g.  3-6),  using 
colors  that  blend  with  terrain  features,  is  another  excellent 
method  of  camouflage  used  to  distort  the  outline  of  the 
weapon.  Any  type  of  camouflage  used  must  not  interfere 
with  the  tactical  effectiveness  of  the  weapon. 

Other  methods.  Shiny  surfaces  of  a  weapon  can  be 
concealed  by  various  field  expedients.  For  instance,  cloth 
and  paint,  mentioned  previously,  not  only  distort  outline  but 
can  also  be  used  to  cover  the  shiny  surfaces  of  the  weapon. 
Mud  or  lampblack  can  also  be  used  to  cover  these  surfaces. 
The  mud  used  must  dry  to  the  desired  color.  Care  must  be 
exercised  in  application  of  mud  to  prevent  interference  with 
sighting  and  firing  of  the  weapon. 


DARK  AREA 
IGHT  AREA 


BLACK 

NATURAL  COLOR 


RIFLE  PATTERN  PAINTED 


.DARK  AREA  BLACK 
V/LIGHT  AREA  GUN  METAL 


MACHINEGUN  PATTERN  PAINTED 


ERIC 


M16  WRAPPED  WITH  BURLAP 

Figure  3-6.  Weapon  camouflage. 
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Camouflage  of  other  equipment.  In  a  hostile  situation, 
your  ability  to  camouflage  yourself  and  your  personal 
equipment  (fig.  3-7)  may  be  excellent.  However,  even  if 
these  efforts  are  completely  successful,  their  effect  can  be 
nullified.  This  happens  when  you  forget  to  camouflage  other 
support  equipment;  for  example,  vehicles,  cooking  areas, 
and  sleeping  areas.  Generally,  you  do  not  bear  the 
responsibility  for  these  actions.  However,  guess  who  gets 
smoked  when  an  enemy  force  has  detected  your  position 
because  of  the  sunlight  shining  on  a  vehicle  window?  You 
must  do  something  to  prevent  this  from  happening.  The  same 
rules  apply  to  camouflaging  support  equipment  that  apply  to 
your  personal  camouflage.  Every  item  in  the  vicinity  of  your 
area  must  be  camouflaged.  You  can  cover  equipment  with 
natural  or  manmade  camouflage.  The  point  is  that  you  should 
cover  it,  alter  the  geometrical  shape,  reduce  or  eliminate 
shine,  or  do  whatever  else  is  needed  to  conceal  the 
equipment. 

Exercises  (C24): 

1 .  What  are  some  common  materials  used  for  skin 
tone-down? 


2.  List  three  waVs  of  disrupting  the  shape  of  a  helmet  and 
reducing  its  shine. 


3.  What  fixes  the  skyline  (as  opposed  to  the  topographic 
crest  of  a  hill? 


4.  How  is  detection  of  camouflage  construction  prevented 
when  there  is  no  overhead  cover? 


C25.  Determine  whether  cover  or  concealment  is  best 
suited  to  given  circumstances. 

Cover.  Cover  is  protection  from  the  fire  of  enemy 
weapons.  It  may  be  natural  or  artificial.  Natural  cover 
(ravines,  hollows,  reverse  slopes)  and  artificial  cover 
(foxholes,  trenches,  walls)  protect  you  from  flat  trajectory 
fire  and  partially  protect  you  from  high-angle  fue.  Even  the 
smallest  depression  or  fold  in  the  ground  may  provide  some 
cover  when  you  need  it  badly.  As  a  member  of  a  ground 
defense  force,  you  should  learn  how  to  take  advantage  of 
every  bit  of  cover  available.  You  need  to  do  this  to  achieve 
maximum  protection  fix>m  enemy  fire .  In  a  combat  situation, 
you  must  learn  to  select  temporary  fuing  or  observation 
positions  that  take  advantage  of  available  cover.  Observing 
and  fuing  around  the  side  of  an  object,  staying  low  to  observe 
and  fue,  and  selecting  a  good  background  when  observing 
over  the  top  of  an  object  are  examples  of  using  cover  to  your 
advantage  (see  fig.  3-8). 
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Figure  3-7.  Proper  camouflage. 


Concealment.  Similar  to  camouflage,  concealment  is 
protection  from  enemy  observation.  It,  too,  may  be  natural 
(bushes,  grass,  shadows)  or  artificial  (burlap,  nets, 
camouflage  made  from  natural  materials).  Concealment  is 
not  protection  from  enemy  fire.  Do  not  make  the  mistake  of 
believing  you  arc  protected  from  enemy  fue  merely  because 
you  are  concealed  from  enemy  eyes.  To  conceal  yourself: 

a.  Avoid  unnecessary  movement;  movement  attracts 
attention.  Remember  that  movement  against  a  stationary 
background  causes  you  to  clearly  stand  out. 

b.  Use  all  available  concealment.  Background  is 
important;  blend  with  it  to  prevent  the  enemy  from  detecting 
you.  Select  trees  and  bushes  that  blend  with  your  uniform 
and  absorb  the  outline  of  your  figure.  Shadows  also  help  hide 
you. 

c.  Stay  low  to  observe.  Present  a  low  silhouette,  making  it 
difficult  for  the  enemy  to  see  you. 

d.  Expose  nothing  that  shines.  Reflection  of  light  on  a 
shiny  surface  instantly  attracts  attention  and  can  be  seen  for 
great  distances. 

e.  Keep  off  the  skyline .  Figures  on  the  skyline  can  be  seen 
from  a  great  distance,  even  at  night,  because  a  dark  outline 
stands  out  against  the  lighter  sky.  The  silhouette  formed  by 
your  body  makes  a  good  targei. 

Exercises  (C25): 

1 .  As  a  member  of  a  response  force,  you  have  been  ordercd 
to  flank  an  enemy  unit  attempting  to  penetrate  a  restricted 
area.  En  route  to  the  scene,  you  come  under  fire  from  a 
second  force  no  one  had  reported.  Do  you  use  cover  or 
concealment? 


2.  For  the  situation  in  exercise  1  above,  what  action  may 
have  precluded  your  coming  under  fire? 
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3 ,  As  a  member  of  a  response  force ,  you  have  been  alerted  to 
a  possible  armed  attack  and  have  been  positioned  in  an 
area  between  your  base's  resources  and  its  perimeter. 
Should  you  use  cover  or  concealment  to  await  the  arrival 
of  the  reported  enemy  force? 


3-2.  Individual  and  Force  Movemont 

Being  camouflaged  and  standing  still  doesn't  iihvays  get 
the  job  done.  As  you  know,  movement  is  necessary,  but 
you  must  Icnow  how  to  protect  yourself  when  you  move. 

C26.  Specify  the  methods  of  individual  movenient  used 
by  a  response  force  member. 

Individual  Movenrient.  There  are  several  ways  of  gettin^^ 
from  one  place  to  another  when  you  deploy.  Depending  on 
tlie  situation,  you  may  decide  to  use  one  or  more  of  the 
following  methods. 

Rushing,  This  is  a  technique  for  moving  quickly  from  one 
place  to  another.  You  start  either  from  a  place  of  cover  or  the 
prone  position .  You  then  select  the  next  spot  that  you  want  to 
move  to.  This  new  spot  should  offer  you  cover  or,  as  a 
minimum,  concealment  frdm  observation.  To  rush  to  your 
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selected  location,  you  get  up  quickly,  i-un  to  the  new 
location,  and  take  cover.  While  moving,  you  should  be  sure 
to  keep  alert  for  enemy  fire  and  for  obstacles.  You  should 
rush  in  short  bursts,  a  maximum  of  15  meters.  Don't  try  to 
cover  great  distances  in  one  rush. 

Low  crawl.  When  you  must  move  in  on  an  enemy  and 
there  is  little  or  no  cover  or  concealment  available,  you  must 
use  the  low  crawl.  To  low  crawl,  you  get  into  the  prone 
position ,  lay  the  stock  of  your  weapon  on  top  of  your  ami,  lay 
your  head  as  close  to  the  ground  as  you  can,  and  pull  and 
push  yourself  along  the  ground,  (see  fig.  3-9.) 

High  crawl.  The  high  crawl  shown  in  figure  3-10  is  used 
when  some  cover  and/ or  concealment  is  available.  To  high 
crawl,  you  lay  your  rifle  across  your  amis  in  front  of  your 
body  (prone  position),  and  you  push  and  pull  yourself  aloiig. 
Your  head  should  be  slightly  raised  so  that  you  can  watch 
things  ahead  of  you. 

Walking  at  night.  The  darkness  of  night  offers  you  some 
concealment.  You  can  effectively  walk  at  night  without 
being  detected  by  lifting  your  legs  high  and  stepping  down 
carefully  on  your  toes,  as  illustrated  in  figure  3-11. 

Stealth,  Whenever  you  are  moving,  be  it  day  or  night, 
move  as  quiedy  and  as  inconspicuously  as  possible.  When 
rushing  or  walking,  avoid  having  loose  equipment  that  bangs 
against  your  body;  when  crawling,  don't  drag  your  weapon 
or*  the  ground  or  pavement.  Silence  is  necessary  to  coneal 
your  movement. 

Exercises  (C26): 

1 .  What  is  the  rushing  technique  of  movement? 


Figure  3-10.  High  crawl. 
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Figure  3-11.  Walking  at  night. 


2.  What  are  the  low  and  high  crawls? 


3.  What  is  the  best  method  of  walking  at  night? 


C27.  Differentiate  between  the  techniques  of  fire  and 
movement  for  individuals  and  for  fire  teams. 

Fire  and  Movement.  Fire  and  movement  is  a  tactic  used 
for  advancing  a  unit  while  it  is  under  enemy  gunfire.  You  do 
this  by  having  a  part  of  your  force  moving  forward  while  the 
remainder  of  the  force  delivers  covering  fire  to  the  enemy 
position. 

The  number  of  people  who  are  moving  and  the  manner  in 
which  they  move  depends  on  the  size  of  your  unit,  the 
terrain,  and  the  volume  of  fire  being  received. 

Individual,  Individual  movement  is  usually  the  safest  way 
for  your  people  to  advance  under  heavy  fire.  When  moving 
as  an  individual  member,  you  rush  10  to  15  meters  forward  to 
a  point  of  cover.  Trying  to  travel  any  further  than  this  allows 
an  enemy  enough  time  to  take  aim  with  a  weapon.  After  you 
take  cover,  you  begin  to  deliver  cover  fire  and  another 
member  of  the  unit  begins  to  move.  This  leapfrog  procedure 
goes  on  until  all  of  your  unit  has  reached  the  desired 
objective. 

Team .  The  tactic  of  movement  by  fire  team  is  similar  to  the 
procedure  for  individual  movement.  In  the  team  situation, 
you  have  a  portion  of  the  unit  move  forward  while  the 
remainder  of  the  squad  or  flight  delivers  cover  fire.  You  use 
this  type  of  movement  when  enemy  fire  is  light.  You  may 
start  out  in  individual  movement  and,  as  enemy  fire 
decreases,  convert  to  fire  team  movement. 


Exercises  (C:27): 

I.  State  the  techniques  of  fire  and  movement. 


2.  What  is  the  differeticc  between  individual  and  team  fire 
and  movement  techniques? 


C28.  Identify  the  responsibilities  of  the  base-of-fire  and 
maneuver  echelons  during  fire  and  maneuver. 

Fire  and  Maneuver.  Fire  and  maneuver  is  a  combat  tactic 
in  which  a  squad  or  fiight  is  divided  a  maneuver  echelon  and 
a  base-of-fire  echelon.  The  following  narrative  illustrates  the 
use  of  the  fire  and  maneuver  tactic. 

Let  us  assume  that  a  hostile  armed  unit  has  taken  up  a 
f)osition  on  your  base.  From  this  position,  the  hostile  unit 
directs  weapons  fire  on  a  number  of  alert  aircraft.  In  this 
instance,  your  task  as  a  member  of  a  defense  squad  or  flight 
would  be  to  move  to  the  hostile  position  and  neutralize  it  as 
soon  as  possible.  In  order  to  do  this,  your  unit  would  most 
likely  use  the  fire  and  maneuver  tactic.  It  is  used  to  permit  a 
portion  of  your  squad  or  flight  (called  the  maneuver  echelon) 
to  get  close  enough  to  the  hostile  force  to  conduct  an  assault. 

To  use  fire  and  maneuver  techniques,  you  divide  the  squad 
or  night  into  a  maneuver  echelon  to  advance  on  the  hostile 
position  and  a  base-of-fire  echelon  to  deliver  cover  fire  for 
the  maneuver  echelon.  The  division  of  the  unit  does  not  have 
to  be  equal.  For  instance,  suppose  that  you  find  that  you  need 
a  tremendous  volume  of  fire  from  your  base-of-fire  echelon 
but  require  only  a  small  maneuver  echelon.  In  this  case,  you 
might  assign  two  fire  teams  as  the  maneuver  echelon  and  the 
remainder  of  the  flight  as  your  base-of-fire  echelon.  Your 
determination  must  depend  on  the  situation.  It  is  best  to 
divide  your  unit  so  that  you  do  not  disrupt  the  integrity  of  its 
elements. 

The  maneuver  echelon  moves  out  under  the  base-of-fire 
echelon's  cover  fire.  Depending  on  the  conditions  and 
situation,  the  maneuver  echelon  moves  by  crawling  or 
rushing  to  a  point  called  the  final  coordination  line,  such  as 
that  shown  in  figure  3-12.  This  point  should  be  as  near  the 
enemy  position  as  you  can  get  without  being  dangerously 
exposed  to  friendly  gunfire.  The  base-of-fire  echelon  may 
advance  its  position  toward  the  enemy,  providing  there  is  no 
loss  of  cover  fire. 

Often,  when  long  distances  must  be  covered,  the 
maneuver  echelon  moves  to  a  point  midway  between  its 
point  of  departure  and  the  final  coordination  line  and  lays 
down  cover  fire  while  the  base-of-fire  echelon  moves 
forward.  This  allows  the  base-of-fire  echelon  to  engage  the 
target  area  more  effectively,  whereupon  the  maneuver 
echelon  resumes  their  advance  toward  the  final  coordination 
line. 
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Figure  3-12.  Fire  and  maneuver. 


Exercises  (C28): 

1.  What  are  the  responsibilities  of  the  maneuver  echelon 
during  fire  and  maneuvei? 


2.  What  are  the  responsibilities  of  the  base-of-fire  echelon 
during  fire  and  maneuver? 


C29.  State  the  mission  of  each  type  of  reconnaissance 
patrol,  and  identify  features  of  each  type. 

Reconnaissance  Patrols.  The  overall  mission  of  all  types 
of  recon  patrols  is  to  gather  intelligence  information  and  to 
confirm  or  disprove  the  accuracy  of  previous  information. 
There  are  three  types  of  reconnaissance  patrols,  namely:  area 
surveillance,  area  reconnaissance,  and  point  reconnaissance. 
Each  type  has  a  specific  intelligence-gathering  function. 

Area  Surveillance.  Your  mission  on  an  area  surveillance 
patrol  is  to  observe  a  large  area,  such  as  the  area  depicted  by  a 
grid  square  on  your  map,  and  locate  enemy  activity.  You 
mark  down  enemy  locations,  places  where  you  observe 
enemy  movement,  direction  of  enemy  travel,  and  especially 
any  changes  such  as  new  roads,  and  built-up  areas  that  are 
not  on  your  map.  Area  surveillance  patrols  provide  us  with 
the  big  picture. 

Area  Reconnaissance.  Your  mission  on  an  area  recon 
patrol  is  to  move  through  an  assigned  area  and  locate  specific 
enemy  positions.  You  also  confirm  data  reported  by  area 
surveillance  patrols.  There  are  many  methods  of  conducting 
area  recon  patrols.  Figure  3-13  illustrates  these  methods. 
Your  imagination  can  produce  other  methods  to  use. 

Point  Reconnaissance.  When  you  go  on  a  point  recon 
patrol,  you  go  to  observe  one  point:  a  fork  in  a  road  or  stream. 


an  enemy  position,  or  any  point  your  commander  wants  to 
know  more  about.  The  time  you  spend  observing  a  given 
point  is  predetermined  by  your  comm'^ndcr;  it  could  be  as 
brief  as  15  minutes  or  as  long  as  several  days.  Figure  3  14 
represents  several  methods  of  point  reconnaissance. 

Exercises  (C29): 

1.  What  is  the  mission  of: 

a.  Area  surveillance  patrols? 


b.  Area  reconnaissance  patrols? 


c.  Point  reconnaissance  patrols? 


2.  Match  the  descriptions  in  column  A  with  the  types  of 
reconnaissance  patrols  in  column  B  by  entering  the 
column  B  letters  in  the  spaces  provided.  If  the  description 
does  not  fit  a  type  of  reconnaissance  patrol,  enter  0  (zero). 


Column  B 

a.  Point  reconnaissance. 

b.  Area  reconnaissance. 

c.  Area  surveillance. 


Column  A 

 (1)  Locating  enemy  positions 

while  moving  from  one 

place  to  another. 
 (2)  Provides  coverage  of  your 

route. 

 (3)  Four-man  teams  observing 

movement  in  a  valley. 
 (4)  A  patrol  to  deny  the  enemy 

control  of  an  area. 
 (5)  A  two-man  team  watching  a 

road  junction. 

C30.  State  the  mission  of  each  type  of  combat  patrol, 
and  identify  features  of  each. 

Combat  Patrols.  All  combat  patrols  serve  basically  the 
same  purpose:  seek  out  and  destroy,  capture,  or  harass  the 
enemy.  They  may  provide  security.  They  also  collect  and 
report  information  related  and  unrelated  to  their  mission. 
There  are  five  types  of  combat  patrols,  and  each  type  has  a 
specific  goal. 

Ambush  patrols.  Ambush  patrols  wait  in  hiding  to  attack 
and  destroy  a  moving  or  temporarily  halted  target,  such  as  a 
column  of  troops  or  vehicles.  There  arc  as  many  types  of 
ambushes  as  there  are  imaginations.  Figure  3-15  illustrates 
only  a  few  of  the  many  forms  of  ambush. 

Raid  patrols.  When  you  go  on  a  raid,  your  mission  is  to 
attack  and  destroy  an  enemy  position  and  then  withdraw. 
You  want  to  hit  the  enemy  where  it  hurts  and  then  move  on  to 
strike  again.  Your  force  is  not  large  enough  to  hold  the 
position  you  raid,  only  strong  enough  to  cause  damage,  and 
reduce  or  eliminate  the  position. 

Search  and  clear  patrols.  The  mission  of  a  search  and 
clear  patrol  is  to  move  into  an  area,  destroy  the  enemy  or  run 
them  out,  and  hold  that  territory  for  our  own  use  or  for  use  by 
friendly  forces. 
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Security  patrols.  These  patrols  are  designed  to  screen  or 
cover  the  flanks  of  your  position,  area,  or  route.  These 
screens  prevent  infiltration  and  surprise  attack.  During 
movements,  security  patrols  prevent  ambushes  along  the 
way. 

Economy  of  force  patrols.  Your  mission  on  an  economy  of 
force  patrol  may  be  to  establish  a  roadblock  that  prevents 
enemy  movement  o**  reinforcement,  seize  key  teirain  to 
prevent  enemy  use,  cover  the  withdrawal  of  a  force  by 
deception  or  delay,  or  act  as  a  blocking  force  to  allow  a  major 
effort  to  be  made  without  interference  at  another  location. 

Exercises  (C30): 

1.  What  is  the  mission  of: 
a.  Ambush  patrols? 


b.  Raid  patrols? 


c.  Search  and  clear  patrols'? 


d.  Security  patLols? 


e.  Economy  of  lorce  patrols? 


Match  the  descriptions  in  column  A  with  the  types  of 
combat  patrols  in  column  B  by  entering  the  column  B 
letters  in  the  spaces  provided.  If  the  description  does  not 
fit  a  type  of  combat  patrol,  enter  0. 


Column  B 

a.  Ambush  patrol. 

b.  Raid  patrol. 

c.  Search  and  clear 
patrol. 

d.  Security  patrol. 

c.  Economy  of  force 
patrol. 


Column  A 

 (1)  Provides  coverage  for  your  route. 

 (2)  Surprise  attack. 

 (3)  Four-man  team  observing 

movement  in  a  valley. 
  (4)  Hit-and-run  destruction  of  an 

enemy  targei. 
 (5)  A  patrol  to  deny  the  enemy  control 

of  an  area. 

 (6)  Running  an  enemy  out  of  an  area 

for  our  own  gain. 

3-3.  Weapons  Fire  Control 


Because  our  operations  in  a  combat  environment  are 
generally  defensive  and  our  resources  are  often  so  inviting  to 
an  enemy ,  we  sometimes  seem  to  get  more  than  our  fair  share 
of  attack  by  hostile  units. 

No  matter  how  strong  your  defense  is,  if  the  enemy  wants 
your  resources  badly  enough,  they  will  try  to  get  them.  When 
this  happens,  your  job  can  become  a  little  bit  hectic:  you  must 
block  the  attack  before  it  gets  to  your  resources  and  then 
counterattack  to  destroy  the  enemy.  In  this  section,  we 


discuss  the  principles  of  planning  and  conducting  a 
counterattack  against  an  attacking  hostile  force. 

C31.  Briefly  define  preparation,  fire  and  manueuvei*, 
and  assault  as  they  relate  to  conducting  a  counterattack. 

Preparation.  The  first  step  in  conducting  a  counterattack 
is  preparation.  You  can't  just  grab  a  rifle,  yell,  ''Follow  me, 
men,"  and  charge  a  defended  position.  Those  people  in  the 
position  have  real  guns,  with  real  bullets,  and  lack  of 
preparation  could  be  disastrous. 

Plan.  The  enemy  have  a  plan.  If  they  didn't,  they 
wouldn't  be  on  your  base  holding  one  of  your  positions.  And 
if  they  didn't  want  to  fight,  they  wouldn't  have  come. 
Consequently,  you  must  plan  your  actions  carefully. 

First  of  all,  remember  a  basic  rule  of  combat:  meet  force 
with  superior  force.  To  do  this,  you  need  to  get  a  reliable 
estimate  of  ( 1 )  how  many  people  you  are  facing,  (2)  how  they 
are  armed,  and  (3)  how  well  protected  they  are.  From  this 
information,  you  can  decide  the  size  of  the  force  you  need, 
how  to  arm  them,  and  what,  if  any,  support  you  want  to  ask 
for.  This  support  may  range  from  artillery  fire  to  the  use  of 
air-to-ground  attack  by  combat  aircraft.  If  that  sounds  a  little 
heavy,  remember  that  you  are  the  one  who  has  to  peek  into 
that  position  and  hope  that  nobody  is  peeking  back  over  a 
gunsight. 

Next,  plan  your  step-by-step  actions  through  the  point 
where  you  are  again  occupying  the  position.  This  planning 
includes  two  phases:  (1)  a  fire  and  maneuver  operation  to  get 
your  assault  force  into  the  desired  position  and  (2)  the  actual 
assault  itself. 

Assembly.  To  begin  planning  the  fire  and  maneuver 
phase,  you  select  an  assembly  ^rea.  This  must  be  a  safe  area 
where  final  orders  can  be  issued,  final  supply  issue 
accomplished,  and  final  planning  conducted. 

Route.  Your  next  step  is  to  carefully  plan  a  route  of  travel 
that  makes  maximum  use  of  all  available  cover, 
concealment,  and  supporting  fu^.  Whenever  possible,  select 
a  route  that  allows  you  to  assault  the  enemy's  flank  or  rear. 

Departure  Line.  Next,  you  select  aline  of  departure .  This 
is  3  recognizable  physical  location  that  provides  cover  and 
that  can  be  safely  reached  by  the  assault  force  (maneuver 
echelon).  If  a  blocking  force  has  not  already  established  a 
position  for  your  base-of-fire  echelon,  you  also  select  that 
position. 

Final  Coordination  Line.  Now  select  your  final 
coordination  line.  You  must  insure  that  everyone  in  the 
maneuver  and  base-of-fire  echelons  knows  where  this  point 
is  and  knows  the  time  when  you  plan  to  begin  the  actual 
assault.  * 

Assault.  The  next  step  is  to  plan  the  assault.  Now  you 
must  assig  specific  target  areas  to  each  member  to  avoid 
bunching  your  people  toward  the  center  of  the  enemy 
position.  You  designate  one  person  as  base,  and  instruct 
everyone  else  to  stay  abreast  of  the  base  and  guide  left  or 
right  with  him  in  order  to  maintain  proper  spacing.  You  can 
then  control  the  entire  assault  formation  by  adjusting  the 
speed  or  direction  of  the  base  man.  For  large-scale 
operations,  you  may  d'isignate  a  base  team  or  squad.  Finally, 
you  select  a  limit  of  advance.  This  is  the  point  where  your 
assault  echelon  stops  after  moving  through  the  objective. 
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TEAM  MOVES  PROM  POlNl  lO  POINT   AHOUNP  OBJmiVE 


OUT  AND  BACK 


CIRCLE  METHOD 


MULTIPLE  TEAMS  MOVE  TO  VANTAGE  POINTS  AND  RETURN 


MULTI-TEAM  OUT  AND  BACK  METHOD 


MULTl  TEAM  RENDEZVOUS  METHOD 


COO- 10 


ERIC 


Figure  3-14.  Point  reconnaissance. 
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Figure  3-15.  Harassing  or  destructive  ambush. 
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You  also  designate  a  security  clement  that  returns  to  the 
objective,  cheeks  for  boobytraps,  and  secures  the  :^rea. 

After  completing  the  planning  phase,  you  are  ready  to 
proceed  to  the  line  of  departure.  At  this  point,  the 
base-of-fire  echelon  begins  its  suppressive  fire.  Any  other 
fire  support,  such  as  mortar  fire,  artilleiy,  or  air  supix>rt,  is 
also  employed  at  this  time.  As  the  support  fire  begins,  your 
maneuver  echelon  starts  to  move  toward  the  final 
coordination  line.  Upon  arrival  at  the  final  coordination  line, 
everyone  reloads  his  weapon  and  prepares  for  the  assault. 

When  the  maneuver  echelon  is  ready  to  begin  the  assault, 
the  echelon  leader  gives  a  prearranged  radio  or  visual  signal 
to  the  echelon  leader  of  the  base-of-fire  element.  In  turn,  the 
base-of-fire  leaders  instruct  their  people  to  shift  their  fire  to  a 
direction  different  from  where  the  assault  will  come  from,  or 
to  cease  fire.  Now,  the  maneuver  echelon,  moving  rapidly 
and  maintaining  alignment  in  the  line  formation,  begins  the 
assault.  As  your  people  move  forward  in  the  assault, 
riflemen  and  grenadiers  fire  a  round  or  a  short  burst  of  rounds 
(as  directed  by  the  echelon  leader)  each  time  their  left  foot 
strikes  the  ground.  To  maintain  a  steady  volume  of 
firepower,  machinegunners  must  fire  as  the  right  foot  strikes 
the  ground.  No  one  in  the  formation  should  slow  down  or 
stop  for  anything.  Reloading  must  be  done  rapidly  as  you 
move  toward  the  objective. 

When  the  assault  echelon  a -rives  at  the  objective,  they 
continue  moving  in  formation  to  your  preestablished  limit  of 
advance.  This  is  done  to  push  the  enemy  force  further  from 
the  objective  and  to  reduce  the  possibility  of  a  rapid 
counterattack  or  ambush. 

Your  unit  then  establishes  all-around  security,  and  your 
security  element  returns  to  the  objective.  They  check  for 
prisoners  and  boobytraps  and  secure  the  objective.  Now  your 
force  can  return  to  the  objective  and,  if  necessary,  prepare  to 
repel  an  enemy  counterattack. 

Exercises  (C31): 

1.  Briefly  define  preparation,  fire  and  maneuver,  and 
assault  as  they  relate  to  conducting  a  counterattack? 


attacked  by  a  near  ambush,  you  should  take  the  following 
actions  (see  fig.  3-16). 

a.  Those  in  the  kill  /one,  without  order  or  signal, 
immediately  assault  directly  into  the  ambush  position, 
occupy  it,  and  continue  the  ailack  oi  break  contact  as  directed 
by  the  squad  or  team  leader.  Tlii.s  action  moves  you  out  of  the 
kill  zone,  prevents  other  ambush  force  elements  from  firing 
on  the  assault  without  firing  ovi  tbeir  own  men,  and  provides 
you  positions  where  you  can  !ako  other  actions. 

b.  Those  not  in  the  kill  zone  maneuver  against  the  ambush 
force  as  directed  by  the  squad  or  team  leader. 

c.  The  assault  is  continued  until  the  ambush  force  is 
eliminated  or  the  order  is  given  to  break  contact. 

Far  Ambush.  This  is  an  ambush  in  which  the  enemy 
forces  are  located  beyond  a  reasonable  assaulting  distance 
(more  than  50  meters).  Here,  the  kill  zone  is  also  under  very 
heavy,  highly  concentrated  fire,  but  from  a  greater  range. 
This  greater  range  provides  those  in  the  kill  zone  some  space 
for  maneuver  and  some  opportunity  to  seek  cover  with  a 
smaller  risk  of  destruction.  If  attacked  by  a  far  ambush,  you 
should  take  the  following  actions  (see  fig.  3-17). 

a.  Those  in  the  kill  zone,  without  order  or  signal, 
immediately  return  fire,  take  the  best  positions  available,  and 
continue  firing  until  directed  otherwise. 

b.  Those  not  in  the  kill  zone  maneuver  as  directed  against 
the  ambush  force. 

c.  The  attack  is  continued  until  the  ambush  force  is 
destroyed  or  the  order  is  given  to  break  contact. 

Exercises  (C32): 

1 .  What  counter  ambush  actions  do  you  take  when  caught  in 
a  near  ambush? 


2.  What  counter  ambush  actions  do  you  take  when  caught  in 
a  far  ambush? 


C32.  State  counter  ambush  actions  during  movement. 

Counter  Ambush  Drills.  If  your  unit  is  ambushed,  you 
and  your  entire  unit  must  act  immediately  with  a  preplanned 
course  of  action.  This  action,  called  the  counter  ambush 
drill,  may  vary,  depending  on  whether  you  are  caught  in  a 
near  or  far  ambush.  In  each  situation,  the  success  of  the 
counter  ambush  drill  used  depends  upon  being  well  trained  in 
recognizing  the  nature  of  an  ambush  and  well  rehearsed  in 
the  proper  reaction. 

Near  Ambush.  A  near  ambush  is  one  in  which  the  enemy 
forces  are  located  within  a  reasonable  assaulting  distance  of 
the  kill  zone  (50  meters  or  less  as  a  guideline).  In  a  near 
ambush,  the  kill  zone  is  under  very  heavy,  highly 
concentrated,  close-range  fire.  There  is  little  time  or  space 
for  you  to  maneuver  or  seek  cover.  The  longer  you  remain  in 
the  kill  zone,  the  more  certain  your  destruction.  Therefore,  if 


C33.  State  the  purpose  and  benefit  of  search  and  clear 
operations.  Given  hypothetical  situations,  identify 
actions  taken  to  search  and  clear  buildings  and  open 
areas. 

Search  and  Clear  Operation.  Whenever  a  building  or 
area  is  has  been,  or  is  suspected  of  being  occupied  by  a 
hostile  force,  it  must  be  searched  and  cleared.  The  operation 
is  conducted  before  enemy-held  real  estate  can  be  occupied 
by  your  own  forces.  This  is  an  absolute  must  if  you  are  to 
insure  that  all  hostile  forces  have  fled  or  been  neutralized  and 
that  all  boobytraps  have  been  found  and  disarmed.  Actions  to 
search  anu  clear  a  designated  locale  could  take  place  within 
friendly  or  enemy  territory. 

Buildings,  You  would  normally  employ  an  entire  squad  to 
search  a  building.  Two  fire  teams  act  as  a  security  element. 
Their  purpose  is  to  seal  off  all  avenues  of  escape  and  provide 
protective  fire  for  the  third  fire  team.  The  searching  fire  team 
is  the  search  party  that  enters  the  building  and  conducts  the 
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-MEN  IN  KILLING  ZONE  ASSAULT  

OTHERS  AHACK  TO  PERMIT  ENTIRE  KILLING  ZONE 


PATROL  TO  BREAK  CONTACT— 


Figure  3-16.  Counter  ambush  for  near  ambush. 
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MENIN  KILLING  ZONE  RETURN 
FIRE  -.^OTHERS  ATTACK  TO 
PERMIT  ENTIRE   PATROL  TO 
BREAK  CONTACT 


COUNTER  AMBUSH 
(  TAR"  AMBUSH) 


PATROL  BREAKS  CONTACT 
AND  CONTINUES 


COUNTER  AMBUSH  (  FAR  *  AMBUSH) 
CONT'D. 


Figiire  3-17.  Counter  ambush  for  far  ambush. 
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search.  There  are  three  methods  of  entering  and  clearing 
buildings. 

(1)  Entry  at  the  top.  Whenever  possible,  you  should  enter 
and  search  a  building  from  the  top  down.  Enemies  who  are 
forced  to  the  top  of  a  building  may  be  cornered  and  become 
physically  violent,  causing  harm  to  you  or  forcing  you  to 
harm  them.  On  the  other  hand,  enemies  who  a^^.  forced 
downward  to  ground  level  may  attempt  to  escape  from  the 
building,  making  themselves  vulnerable  to  capture  by  the 
security  element.  You  may  use  various  means  to  gain  entry  to 
the  top  of  a  building;  for  example,  ladders,  drainpipes, 
toggle  ropes,  grappling  hooks,  roofs  <jf  adjoining  buildings, 
or  civil  engineering  utility  vehicles  designed  for  working  at 
heights. 

(2)  Entry  on  th»e  middle  floor.  In  many  cases,  it  may  be 
impossible  to  enter  a  building  at  the  top.  In  these  instances, 
you  must  enter  at  the  highest  possible  point,  using  the 
techniques  previously  described.  Initially,  you  thoroughly 
search  and  secure  the  floor  (level)  you  enter.  Then  you  move 
to  the  top  floor  and  search  firom  the  top  down. 

(3)  Entry  at  the  bottom.  When  you  must  enter  a  building  at 
ground  level,  the  security  element  mw^i  take  every 
precaution  to  insure  protection  of  the  search  element,  up  to 
point  of  actual  building  entry.  When  you  have  searched  the 
ground  floor,  move  to  tl    op  of  the  building  and  work  down . 

Rooms.  To  search  individual  rooms,  a  two-man  team  is 
normally  used.  Depending  on  the  likelihood  of  an  enemy 
pr.rsence  in  the  room,  one  member  may  throw  in  a  riot 
control  or  fragmentation  grenade,  wait  for  it  to  explode,  then 
enter.  After  entry,  you  must  place  your  back  against  the 
nearest  wall.  The  second  man  then  follows  suit  and  searches 
the  room  in  detail. 

In  an  occupied  building,  when  the  enemy's  location  in  a 
building  is  unknown,  all  rooms  must  be  searched.  In  the  case 
of  quarters,  attempt  to  have  occupants  submit  voluntarily  to 
the  search.  At  the  same  time,  question  them  in  an  attempt  to 
pinpoint  the  enemy's  location.  If  an  occupant  will  not 
voluntarily  submit  and  there  is  any  cause  to  believe  that  an 
enemy  is  located  in  the  room,  conduct  the  search  as  described 
earlier. 

In  a  building  where  the  location  of  the  enemy  is  known, 
proceed  directly  to  the  immediate  vicinity  of  the  enemy 
location.  Then,  ::arcf  illy  search  the  rooms  near  the  location 
in  case  they  have  moved.  When  you  pinpoint  the  enemy, 
employ  riot  control  or  fragmentation  grenades  in  an  attempt 
to  force  them  into  the  open. 

Open  areas.  The  size  of  the  unit  you  employ  to  search  and 
clear  an  open  area  depends  on  the  size  and  terrain  of  the  area 
and  size  and  strength  of  the  enemy  force  you  expect  to 
encounter.  Once  again,  the  rule  to  follow  is  to  meet  force 
with  superior  force. 

Search  and  clear  operations  in  open  areas  usually  take 
place  outside  the  defended  area  of  the  base.  They  are  re^y 
nothing  more  than  the  conduct  of  any  of  scveiil  types  of 
patroULig  operations;  for  instance,  operations  intended  to 
harass  guerriia  or  terrorist  forces,  keep  them  on  the  move  and 
off  balance,  and  hopefully  destroy  or  capture  them.  Further, 
search  and  clear  operations  may  include  offensive  tactics, 
such  as  raid  and  reconnaissance  in  force  operations. 


Raid.  A  raid  is  a  swift,  small-scale  (squad  or  flight  size) 
penetration  of  hostile  territory.  Your  objective  may  be  to 
secure  information,  harass  the  hostile  force,  or  destroy  their 
camp  or  base.  A  key  feature  of  the  raid  is  that,  as  soon  as  your 
mission  is  completed,  you  make  an  immediate  planned 
withdrawal  from  the  hostile  territory. 

Reconnaissance  in  force.  A  reconnaissance  in  force 
operation  usually  requires  a  flight-sized  unit.  Here  your 
purpose  is  to  develop  intelligence,  locate  the  hostile  force, 
test  their  strength,  and  coordinate  or  conduct  attack  on  the 
hostile  foicc  or  their  installation.  This  form  of  operation 
could  bo  considered  a  large  scale,  thorough  search  of  the 
hostile  area. 

Exercises  (C33): 

1 .  Why  must  an  area  be  searched  and  cleared? 


2.  What  benefit  is  realized  by  a  search  and  clear  operation? 


Evaluate  the  situations  given  below  and  state  the  search  and 

clear  actions  to  be  taken. 
3.  A  sniper  has  gotten  into  a  3-story  building  just  off  of  the 

perimeter  and  is  firing  at  targets  on  the  base.  His  location 

inside  the  building  is  unknown. 


4.  Same  situation  as  in  exercise  3,  but  there  is  no  means  of 
entry  from  the  roof  or  top  floor. 


5.  Intelligence  sources  indicate  that  a  force  of  45  heavily 
armed  terrorists  are  camped  in  a  densely  wooded  area 
somewhere  close  to  your  base.  They  h:.ve  been  harassing 
your  perimeter  frequently,  and  you  have  been  directed  to 
locate  them,  confirm  their  strength,  and,  if  possible, 
attack  their  camp. 


6.  Same  situation  as  in  exercise  5,  but  with  only  5  terrorists 
reported. 


3*4.  Field  Fortiflcatlonci 

This  section  is  designfid  to  help  you  understand  the 
advantages  that  can  be  gained  through  the  correct  use  of  jjeld 
fortifications.  Toward  this  end,  we  briefly  discuss  the 
various  factors  that  must  be  considered  when  planning  the 
use  of,  or  building  of  weapon  emplacements  and  tactical  wire 
barriers.  Included  arc  the  various  types  of  emplacements  and 
barriers  commonly  used  by  our  combat  forces.  Also,  we 
discuss  how  these  fortifications  should  be  used  to 


45 


EKLC 


complement  one  another  and  to  enhance  your  overall  defense 
posture. 

C34,  Given  hypothetical  situations^  determine  whether 
field  fortifications  must  be  constructed. 

Planning  and  Use.  The  opportunity  to  fight  from 
prepared  positions  is  an  advantage  that  you  must  exploit.  The 
degree  of  protection  that  field  fortifications  can  give  you 
depends  on  their  construction  and  strength.  This  protection 
also  depends  on  (1)  how  well  you  distribute  them  within  the 
tactical  defense,  (2)  how  well  you  adapt  them  to  the  terrain, 
and  (3)  how  well  you  conceal  them  from  enemy  observation. 
Tlie  following  are  some  factors  tliat  you  should  consider 
when  planning  the  use  of,  or  building  of,  field  fortifications. 

Plans.  Plans  for  fortifications  not  only  provide  for  the 
desired  degree  of  protection  but  also  for  bringing  the  enemy 
under  the  maximum  volume  of  effective  fire  as  early  as 
possible.  Fortification  plans  aie  usually  based  on  progressive 
construction;  that  is,  proceeding  from  open  to  covered 
emplacements  and  shelters.  This  is  done  in  order  to  have  the 
best  protection  possible  under  the  circumstances. 

On  the  offense.  During  offensive  operations,  periodic 
halts  may  be  required  to  regroup,  resupply,  or  consolidate 
positions  gained.  Where  the  enemy  threat  is  known  to 
include  a  counterattack  capability  (or  probability),  offensive 
units  should  seek  available  cover  or  should  dig  hasty 
emplacements  as  described  later  in  this  chapter. 

On  the  defense.  A  defensive  position  is  built  around  a 
scries  of  organized  and  occupied  tactical  positions.  Positions 
are  selected  for  their  natural  defensive  strength  and  the 
observation  afforded.  Fortification  measures  for  these 
positions  include  clearing  fields  of  fire,  digging  weapon 
emplacements  and  positions  for  personnel,  strengthening 
natural  obstacles,  installing  artificial  obstacles,  and 
providing  camouflage. 

Dispersion.  The  separation  of  units  and  individuals  is  a 
primary  means  of  increasing  protection.  Clearly,  a  unit  is 
less  likely  to  be  vulnerable  to  enemy  weapon  fire  if  the  area 
the  unit  occupies  is  increased.  Proper  dispersion,  then,  can 
greatly  reduce  the  need  for  a  high  level  of  protection  from 
field  fortifications.  The  extent  to  which  a  unit  spreads  out 
depends  on  the  mission,  the  terrain,  and  the  enemy  situation. 
Fortifications,  properly  employed,  can  be  used  in  lieu  of,  or 
to  supplement,  dispersion.  For  this  reason,  fortifications  are 
particularly  important  for  units  that  cannot  disperse 
sufficiently  to  obtain  adequate  protection. 

Alternate  and  dummy  positions.  When  time  and  the 
situation  permits,  dummy  and  alternate  positions  should  be 
built  to  deceive  the  enemy  and  to  allow  flexibility  in  your 
defense. 

Exercises  (C34): 

State  whether  field  fortifications  must  be  constructed  in  each 
of  the  following  situations  by  entering  "yes"  or  "no"  in  the 
space  provided, 

 1 .  Your  unit  has  just  overrun  an  enemy  position  and 

halts  to  regroup  and  resupply  before  {xoceeding 
elsewhere  on  another  mission.  The  decisiveness  of 
your  unit's  victory  assures  that  the  enemy  is 


EKLC 


incapable  of  mounting  a  counterattack  before  your 
unit  leaves  the  area. 

 2.  After  obtaining  the  resupply  mentioned  in  exercise 

1  above,  your  unit  moves  on  to  its  second  mission, 
and  it  again  surmounts  an  enemy  position.  This 
time,  however,  in  the  face  of  your  unit's  superior 
strength,  the  enemy  disengages  contact  and 
disperses  before  sustaining  any  significant 
casualties.  Shortly  thereafter,  you  receive  an 
intelligence  report  indicating  that  an  additional 
enemy  unit,  equal  in  size  to  the  one  that  just 
retreated,  is  also  somewhere  in  the  area.  Again,  you 
must  wait  for  resupplies  before  moving  out  of  the 
^*^a. 

 3.  Security  forces  in  your  sector  recently  repelled  a 

ground  attack  against  your  base.  This  attack  pointed 
out  some  possible  weaknesses  in  your  defenses. 
You  find  that  to  strengthen  these  weaknesses,  you 
must  add  some  weapons  and  relocate  several  of 
those  already  in  place. 

C35.  Given  hypothetical  situations,  determine  the  type 
of  weapon  emplacement  to  establish. 

Types  of  Emplacements.  Concerning  the  protection  of 
our  bases,  we  have  the  advantage  of  time  to  prepare 
defensive  positions.  As  mentioned  earlier,  you  must  plan 
properly  and  concentrate  your  defense  on  what  you  expect 
the  enemy  to  do.  However,  you  must  also  learn  to  expect  the 
unexpected  and  be  ready  to  cope  with  it.  Keep  in  mind  that, 
as  is  usual  with  human  nature,  people  do  not  always  act  or 
react  as  you  expect.  For  this  reason,  you  must  be  ready  for 
the  possibility  of  having  to  construct  your  own  on-the-spot 
defensive  position.  This  situation  could  arise,  for  example, 
when  you  ai«  reacting  as  a  member  of  the  response  force  or 
when  you  are  initially  being  posted  during  a  ground  defense 
operation.  The  emplacements  you  are  most  likely  to  use  are 
presented  in  the  following  paragraphs. 

Hasty  emplacements.  Hasty  emplacements  are  dug  when 
you  have  made  contact  with  the  enemy,  and  time  and 
materials  are  limited.  Their  purpose  is  to  provide  immediate 
protection  from  direct  fire.  They  are  also  used  when  there  is 
no  natural  cover  available.  Examples  of  hasty  emplacements 
are: 

a.  Shell  crater.  If  you  have  time,  try  to  find  a  crater  that  is 
60-  to  90-cm  wide  (2  to  3  feet).  This  size  offers  you 
immediate  cover  and  concealment  and  can  be  quickly  made 
into  a  hasty  position.  Any  place  where  hea^y  weapons 
rounds  have  exploded  can  quickly  be  expanded  to  afford  you 
some  protection.  These  craters  can  later  be  developed  into  a 
foxhole  if  your  stay  in  the  area  is  extended. 

b.  Prone  emplacements.  Initially,  you  can  start  with  a 
skirmish  trench;  this  simply  involves  digging  or  scraping  dirt 
into  piles  to  place  between  you  and  tlie  enemy.  As  time 
permits,  you  can  expand  this  type  of  emplacement  to 
conform  to  your  body  position  and  arm  length.  Once 
improved,  you  are  better  protected  from  small  arms  or  direct 
fire  weapons  than  if  using  a  shell  crater  or  your  initial 
skirmish  trench. 

c.  Other  immediate  alternatives.  As  a  last  resort,  you  can 
pile  rocks,  hard-paoked  snow,  ice,  and  dirt  in  front  of  your 
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position.  A  niininuiin  of  30  cm  (12  inches)  of  this  material 
can  resist  penetration  of  many  small  arm  projectiles. 

Foxholes.  Foxholes  are  the  basic  defensive  positions. 
They  afford  you  good  protection  against  most  forn^.s  of 
enemy  small  arms  fire.  They  can  be  developed  by  expanding 
the  hasty  positions  discussed  earlier,  or  you  can  start  from 
scratch.  As  time  permits,  you  can  make  improvements  by 
revetting  the  sides,  adding  overhead  cover,  providing 
drainage,  and  excavating  a  grenade  sump  to  dispose  of 
handgrenades  thrown  into  the  hole  by  the  enemy.  When  used 
in  our  concept  of  defense,  the  two-man  foxhole  is  better  than 
the  one-man  emplacement. 

Machinegun  emplacements.  Machinegun  emplacements 
should  give  maximum  protection  to  the  crew;  however,  the 
main  consideration  must  be  the  effective  use  of  the  weapon. 
The  positions  described  in  the  following  paragraphs  are 
designed  for  use  in  terrain  tnat  permits  excavation. 

a.  Horseshoe.  The  horseshoe-shaped  trench,  about  3-feet 
deep,  is  a  trench  dug  along  the  rear  and  sides  to  form  a 
horseshoe.  It  has  a  chest-high  shelf  in  the  center  to  serve  as 
the  gun  platform.  The  dirt  from  this  trench  is  used  to  form  a 
low  protective  wall  (parapet).  The  wall  should  be  at  least 
1-meter  wide,  and  low  enough  to  permit  all-around  fire.  This 
type  of  emplacement  permits  you  an  easy  traverse  of  the  gun 
through  an  arc  of  180°;  but.it  does  not  allow  you  to  fire 
effectively  to  the  rear. 

b.  Two  one-man  foxholes.  This  emplacement  consists  of 
two  one-man  foxholes  close  to  a  gun  position.  The  parapet  is 
low  enough  for  all-around  fire  and  offers  you  good 
protection.  Although  360°  fire  is  possible  from  this  position, 
fire  to  the  front  and  rear  is  most  effective  because  the  M-60 
machinegun  is  fed  from  the  left  side. 

Drive-through  fighting  positions.  In  your  defensive 
operation,  drive-in  revetments,  with  concealed  approach 
routes,  should  be  constructed  on  your  main  line  of  resistance 
(MLR).  These  positions  should  be  as  narrow  and  as  short  as 
your  vehicle  size  permits.  You  can  use  sandbags  or  55-gallon 
drums  filled  with  sand  to  construct  the  drive-in  revetments. 
Individual  positions  with  overhead  cover  should  also  be 
constructed  for  deployed  personnel.  These  individual 
positions  serve  to  protect  your  drive-in  positions;  also,  they 
give  you  direct  fire  support. 

Concealment.  Concealment  is  of  prime  importance  in 
constructing  your  defensive  positions,  j  When  and  if  time 
permits,  you  should  make  full  use  of  all  available  natural 
materials;  for  example,  trees,  logs,  and  brush.  Manufactured 
materials  such  as  barbed  wire,  cement,  lumber,  sandbags, 
corrugated  metal,  and  other  material  that  you  could  use 
should  be  obtained  from  support  organizations.  To  further 
conceal  your  positions,  make  maximum  use  of  surrounding 
background  to  break  up  outlines.  A  more  thorough  coverage 
of  camouflage  techniques  was  presented  earlier  in  this  text. 

Exercises  (C35): 

Match  each  situation  in  column  A  with  th**  column  B  type  of 
emplacement  that  should  be  constructj:d  by  writing  the 
column  B  letter  in  the  space  provided.  Column  B  items  may 
be  used  once  or  not  at  all. 


Column  A 


a.  Two  one-man  fox- 
holes. 

b.  Foxholes. 

c.  Prone  emplacement. 

d.  Shell  crater. 

e.  Horseshoe. 

f.  Drive-through  HglUing 
position. 


1 .  You  arc  in  enemy  contrj>ct  and  must 

seek  immediate  cover  in  an  area 
devoid  of  natural  cover  and 
recently  bombarded  by  heavy 
weapons. 

2.  You  have  the  time  to  expand  the 

initial  hasty  position  you  arc  lying 
in  to  make  it  Tit  the  length. 

3.  Afterrepclling an  initial  attack,  your 

unit  must  hoU  its  present  position. 
You  need  to  improve  your  present 
hasty  emplacements  for  better 
protection  against  mo.st  forms  of 
enemy  small  arms  fire. 

.  4.  You  must  set  up  a  machincgiir 
emplacement  that  allows  you  a 
180^*  arc  of  fire  to  the  front.  Firing 
to  the  rear  is  not  needed. 

_  5.  You  must  set  up  a  machinegun 
position  that  allows  for  all-around 
fire. 


C36.  Determine  how  tactical  barriers  are  used,  and  state 
how  they  enhance  defensive  positions  in  given  situations. 

Tactical  Barriers.  Wire  barriers  (entanglements)  are  used 
to  break  up  enemy  formations  and  to  hold  the  enemy  in  areas 
covered  by  your  defensive  fire.  They  also  protect  you  by 
preventing  close-in  surprise  attacks  on  your  defensive 
positions.  When  you  construct  these  barriers,  place  them 
close  enough  so  that  you  can  observe  them  both  day  and 
night.  At  the  same  time,  however,  be  sure  to  place  the 
barriers  far  enough  from  your  position  to  keep  the  enemy 
beyond  handgrenade  throwing  range. 

As  you  can  see,  selecting  the  proper  position  for  barriers  is 
important.  Equally  as  important,  however,  is  selecting  the 
proper  type  of  barrier.  To  help  you  do  this,  barriers  have  been 
classified  according  to  their  use  and  their  depth. 

Use.  Entanglements  are  classified  by  use  as  tactical, 
protective,  or  supplementary. 

a.  Tactical.  Tactical  wire  entanglements  are  sited  along 
and  parallel  to  the  friendly  side  of  your  final  protective  line. 
You  use  them  to  break  up  enemy  attack  formations  and  to 
hold  or  channel  the  enemy  in  areas  covered  by  your  most 
intense  defensive  fire.  You  can  extend  this  type  of 
entanglement  across  the  entire  front  of  your  position. 
Remember,  however,  that  it  doesn't  necessarily  need  to  be 
continuous. 

b.  Protective.  Tnis  type  is  located  to  prevent  surprise 
assaults  from  points  close  to  your  defensive  area.  Remember 
to  place  it  to  keep  the  enemy  beyond  handgrenade  range. 

c.  Supplementary.  You  can  use  this  type  to  conceal  the 
exact  line  of  your  tactical  wire .  Also,  you  can  use  it  to  inclose 
your  defensive  position  by  connecting  protective  wire 
entanglements.  If  used  to  break  up  the  line  of  your  tactical 
wire,  it  should  be  identical  to  the  tactical  wire  entanglement 
and  should  be  constructed  at  the  same  time. 

Depth.  The  following  are  the  three  classifications  of 
depth: 

a.  Belt.  A  beh  is  an  entanglement  that  is  one  fence  in 
depth. 
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b.  Band.  This  consists  of  two  or  more  belts  with  no 
intervals  between  them.  You  may  construct  a  band  by  using 
different  types  of  fences. 

c.  Zone.  This  is  two  or  more  bands  or  belts  with  intervals 
between  them. 

Types.  Now  that  you  are  familiar  with  the  classifications 
of  entanglements,  let  us  look  at  the  types  of  barriers  ai4d  their 
uses  (see  fig.  3-18). 

a.  Four-strand  cattle  fence.  This  fence  may  be  used  to 
designate  the  legal  base  boundary.  It  is  also  used  as  the  center 
section  of  a  double-apron  fence. 

b.  Double-apron  fence.  This  fence  combines  the  four- 
strand  cattle  fence  with  aprons  of  barbed  wire  at  the  front  and 
rear,  its  effectiveness  can  be  increased  by  installation  of 
tripwires. 

c.  Standard  concertina.  The  triple-strand  concertina  fence 
is  usually  a  better  obstacle  than  the  double-apron  fence. 
Concertina  fences  are  held  down  by  stakes  placed  at  intervals 
of  not  more  than  2  meters.  These  stakes  are  used  on  the  single 
concertina  fence  and  on  the  front  strand  of  the  double  and 
triple  types.  There  are  three  types  of  concenina  fence  you  can 
use: 

(1)  Single.  This  single  line  of  concertina  is  erected  quickly 
and  easily,  but  it  is  not  an  effective  obstacle. 

(2)  Double,  This  consists  of  a  double  line  of  concertina 
with  no  interval  between  lines.  The  two  lines  are  installed 
with  staggered  joints.  Also,  double  concertina  is  less 
effective  than  a  double-apron  fence.  It  is  used  to  supplement 
other  obstacles  in  a  band  or  zone. 

(3)  Triple  strand.  This  consists  of  two  lines  of  concertina 
serving  as  a  base,  with  a  third  line  resting  on  top.  All  lines  are 
installed  with  staggered  joints.  Each  line  is  completed  before 


the  next  is  started  so  that  a  partially  completed  concertina 
entanglement  will  present  some  obstruction.  It  is  erected 
quickly  and  is  difficult  to  cross  or  crawl  through. 

Portable  barbed-wire  obstacles.  Concertina  wire  is  an 
effective  obstacle  that  can  easily  be  moved,  used  to 
temporarily  close  gaps  or  lanes,  or  used  for  adding  obstacles 
to  already  established  barriers.  Other  portable  barbed-wire 
obstacles  you  can  use  are: 

a.  Spirals  of  loose  wire.  By  filling  open  spaces  in  and 
between  your  wire  entanglements  with  spirals  of  loose  wire, 
the  obstacle  effect  is  substantially  increased.  Men  are 
tripped,  entangled,  and  temporarily  immobilized  by  the 
loose  wire. 

b.  Knife  rest.  The  knife  rest  is  a  portable  wooden  or  metal 
fram-^.  strung  with  barbed  wire.  It  is  used  when  you  need  a 
readily  removable  barrier;  for  example,  at  lanes  in  wire 
obstacles  or  at  roadblocks.  Knife  rests  are  normally 
constructed  with  3  to  5  meters  between  crossmembers.  They 
should  be  approximately  1  meter  high,  and  the 
crossmembers  must  be  firmly  lashed  to  each  horizontal 
member  with  plain  wire.  Insure  that  you  finnly  secure  the 
knife  rest  in  its  position, 

c.  Tripwires.  Immediately  after  a  defensive  positon  is 
occupied,  tripwires  should  be  placed  just  beyond  grenade 
range.  The  wires  should  stretch  aboui  8  inches  above  the 
ground  and  be  fastened  to  pickets  at  not  more  than  5-meter 
intervals.  They  can  be  concealed  in  long  grass,  or  on  a 
natural  line,  such  as  the  side  of  a  path  or  the  edge  of  a  field. 
Tripwires  should  be  placed  in  depth,  in  an  irregular  pattern, 
to  enhance  their  disguise, 

d.  Tanglefoot.  Tanglefoot  is  used  where  concealment  is 
possible.  The  obstacle  should  be  used  in  a  minimum  depth  of 
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10  meters.  Space  your  holddown  pickets  at  irregular 
intervals  from  1  to  3  meters,  with  the  height  of  the  barbed 
wire  varying  from  8  io  30  inches.  Tanglefoot  should  be  sited 
in  scrub,  if  possible,  using  bushes  as  supports  for  part  of  the 
wire.  In  open  ground,  short  pickets  may  be  used. 

Exercises  (C36): 

Determine  how  barbed-wire  barriers  are  being  used  by 
matching  the  column  A  situations  with  the  appropriate 
classification  listed  in  column  B  by  writing  the  column  B 
letter  in  the  space  provided.  Column  B  items  may  be  used 
once  or  not  at  all.  Briefly  state  how  the  barriers  enhance  your 
defensive  positions. 


Column  B 

a.  Protective. 

b.  Tactical. 

c.  Supplementary. 


Column  A 

  1.  Barriers  are  positioned  along  and 

parallel  to  the  friendly  side  of  your 

final  protective  line. 
 2.  Barriers  are  used  to  complement 

and/or  join  other  wire  barriers. 
 3.  Barriers  are  installed  around  your 

defensive  positions  at  distances 

designed  to  keep  the  enemy  beyond 

hand  grenade  throwing  range. 

C37.  Given  hypothetical  situations,  determine  how 
weapon  emplacements  and  tactical  barriers  are  used  in 
base  and  sector  defense. 

Weapon  Emplacements.  Base  and  sector  defense 
weapon  emplacements  are  located  to  cover  a  selected  area 
with  fire,  taking  advantage  of  any  natural  cover  and 
concealment.  The  most  commonly  used  emplacements  were 
discussed  earlier  in  this  chapter.  One  main  point  to  keep  in 
mind  when  planning  or  constructing  weapon  emplacements 
is  that,  in  defensive  fuing  positions,  maximum  fields  of  fire 
and  observation  in  the  direction  of  the  enemy  should  not  be 
sacrificed  for  elaborate  overhead  cover.  Obviously,  then, 
weapon  emplacements  must  be  built  to  coincide  with  your 
fire  plans. 

Fire  plans.  Fire  plans  must  be  prepared  for  each  defended 
locality  (whether  occupied  by  a  fire  team,  squad,  or  flight) 
and  must  be  consolidated  at  sector  level  before  coordination 
is  attempted  with  adjacent  sectors.  Basically,  a  sector  fire 
plan  must  provide  for  (1)  placing  long-range  fure  on  enemy 
personnel  as  soon  as  they  come  under  observation,  (2) 
subjecting  enemy  personnel  to  an  increasing  volume  of  fure 
as  they  approach  the  tactical  defenses,  (3)  breaking  up  the 
attacking  force  with  close  defensive  fire,  and  (4)  stopping  an 
enemy  assault  with  final  protective  fire. 
Defense  in  depth,  interlocking  fires,  and  mutual  support 
between  defended  localities  and  between  defense  sectors  are 
essential.  For  instance,  machineguns  should  be  positioned  to 
provide  maximum  grazing  fire  between  the  frontage  of 
adjacent  localities.  Individual  rifle  positions  are  selected  to 
support  and  protect  machinegun  positions,  provide 
supplemental  fire  for  the  unit  area,  and  add  depth  to  the 
defense.  Weapon  emplacements,  as  we  stated  previously, 
must  be  built  to  directly  support  your  fire  plans. 

Emplacement  considerations ,  The  following 
considerations  affect  the  type  and  location  of  weapon 
emplacements: 


a.  Employment  of  weapons.  Emplacements  must  permit 
effective  use  of  the  weaix)ns  for  which  they  were  designed. 
This  requirement  may  limit  the  protection  that  can  be 
provided  and  may  influence  the  design  and  depth  of  adjacent 
shelters. 

b.  Protection.  As  far  as  possible,  protection  should  be 
provided  against  all  hazards  except  a  direct  hit  by  heavy 
artillery.  This  means  that  excavation  should  be  as  small  as 
possible,  consistent  with  space  requirements,  in  order  to 
obtain  maximum  protection  from  the  walls  against  airbursts 
and  to  limit  the  effective  target  area  for  high  trajectory 
weapons.  Some  of  the  main  methods  used  to  obtain  this 
protection  are  presented  later  in  this  section. 

c.  Simplicity  and  economy.  The  emplacement  or  shelter 
should  be  strong  and  simple,  require  as  little  digging  as 
possible,  and  be  constructed,  when  possible,  with  materials 
that  are  immediately  available. 

d.  Progressive  development.  Your  plans  for  defensive 
work  should  allow  for  progressive  development.  This 
improves  the  usefulness  of  emplacements.  You  can  develop 
emplacements  in  three  steps: 

(1)  Digging  in  quickly  where  speed  is  the  principal 
consideration,  and  no  special  tools  or  materials  are  required. 

(2)  Improvising  with  local  materials. 

(3)  Refining,  using  stock  materials. 

e.  Concealment-  Weapon  emplacements  should  be  built  so 
that  the  completed  work  can  be  concealed.  It  may  not  be 
practical  to  conceal  a  defensive  position  completely,  but  it 
should  be  concealed  sufficiently  to  prevent  the  enemy  from 
spotting  the  defensive  position  by  casual  ground 
observation.  If  possible,  you  should  build  dummy  positions 
at  the  same  time  that  the  primary  £uid  alternate  positions  are 
built. 

Protection.  The  most  predominant  hazard  during  ground 
defense  operations  is  fire  from  conventional  weapons. 
Therefore,  the  construction  of  weapon  emplacements  must 
be  geared  primarily  toward  obtaining  protection  against  this 
hazard.  This  is  done  by  digging  in,  providing  overhead 
cover,  and  erecting  standoff  fencing. 

a.  Digging  in.  Protection  against  conventional  weapons  is 
best  provided  by  constructing  a  thickness  of  earth  nd  other 
materials.  This  is  done  by  digging  into  the  ground  so  that 
personnel  and  equipment  can  offer  the  smallest  possible 
target.  Digging  in  also  provides  some  protection  against 
artillery,  infantry,  heavy  weapons,  bombs,  and  other  aerial 
weapons. 

b.  Overhead  cover.  Overhead  protection  is  especially 
important  in  forward  areas  where  the  threat  includes  airburst 
shelling.  Covered  firing  positions  must  be  built  for 
individual  riflemen.  Small,  readily  accessible  shelters 
adjacent  to  weapon  emplacements  are  also  necessary. 
Available  materials  may  be  used,  but  cover  must  be  kept  low 
or  the  outline  modified  to  blend  with  its  surroundings. 

c.  Standoff  fencing.  Standoff  fencing  is  intended  to  cause 
point  detonating  or  inertial-impact-fused  rounds  to  explode 
before  hitting  the  defensive  position.  Chainlink  fencing  is 
used  for  this  purpose,  and  it  should  be  located  10  to  25  feet 
from  the  position. 

Tactical  Barriers.  Basically,  in  base  or  sector  ground 
defense  operations,  tactical  barriers  are  used  to  complement 
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fire  plans.  They  consist  of  a  coordinated  series  of  natural  and 
artificial  obstacles  that  are  used  to  channel,  restrict,  delay,  or 
stop  enemy  ground  movement. 

An  important  point  to  remember  is  that  an  obstac'^  may 
constitute  either  an  advantage  or  a  disadvantage.  For 
example,  an  obstacle  perpendicular  to  the  direction  of  attack 
favors  the  defender;  it  slows  or  channels  the  attacker. 
Conversely,  an  obstacle  that  is  parallel  to  the  direction  of  the 
attack  may  help  to  protect  the  flank  of  an  attacking  force.  For 
this  reason,  you  must  look  at  each  obstacle  or  barrier  closely, 
determine  what  you  want  it  to  do,  and  insure  that  this  job  is 
being  done.  Above  all,  make  sure  that  each  banier  is 
working  for  you,  not  against  you. 

Natural  obstacles.  Natural  obstacles,  such  as  ravines, 
streams,  marshes,  and  forests,  can  be  used  to  advantage  in  a 
barrier  plan.  These  obstacles,  when  supported  by  artificial 
barriers  (such  as  barbed  wire),  often  make  the  most  effective 
tactical  barriers.  For  this  reason,  good  use  should  be  made  of 
available  natural  or  seminatural  obstacles.  For  example, 
waterlogged  ground  and  large  watershed  drains  (pools  or 
ponds),  supported  by  wire  entanglements,  can  present  a 
formidable  barrier  to  aggressors. 

Perimeter  barriers.  Fences  are  used  to  delay  the  enemy 
and  compound  the  problems  they  face  in  negotiating  the 
perimeter.  Vegetation,  ravines,  buildings,  debris,  and  any 
other  form  of  concealment  should  be  removed  or  destroyed. 
Wire  entanglements,  roadblocks,  and  minefields  can  be  used 
to  cover  likely  avenues  of  approach  and  vulnerable  parts  of 
the  base  perimeter.  Remember  that  no  matter  what  fence 
system  is  used,  it  must  have  depth,  the  sentries  maintaining 
surveillance  over  it  must  be  alert,  and  it  must  be  effectively 
covered  by  defensive  fire. 

Lighting.  Lights  should  be  installed  to  provide  for 
maximum  night  visibility.  Use  of  such  lighting,  however, 
depends  on  tactical  considerations  at  the  time.  Additional 
devices,  such  as  trip  flares,  antipersonnel  mines,  ground 
radar,  and  sensors,  are  also  used  to  enhance  the  effectiveness 
of  barriers. 

Interior  barriers.  Tactical  wire  barriers  are  used  within  the 
perimeter  to  limit  and  channel  penetrations  by  enemy  groups 
or  individuals.  These  interior  barriers  can  be  as  simple  as  a 
single  strand  of  wire,  3-  to  4-foot  high.  Generally,  they  are 
placed  in  a  manner  that  prevents  a  direct  approach  to  vital 
areas. 

Provisions  must  be  made  to  cover  these  barriers  by 
automatic  weapons  fire  teams,  by  assignment  as  an  alternate 
mission  for  such  weapons  teams.  The  barriers  are 
constructed  as  inconspicuously  as  possible,  and  are  relocated 
periodically  to  prevent  counterplanning  by  the  enemy. 


It  is  important  to  insure  that  interior  barriers  do  not 
preclude  the  reserve  force's  freedom  of  movement.  For  this 
reason,  conterattacking  forces,  as  well  as  all  other  personnel 
who  work  within  areas  reinforced  with  barriers,  must  be 
thoroughly  familiar  with  the  location  of  all  barriers. 

Lanes  and  gaps  are  provided  for  the  passage  of  reserve 
forces,  patrols,  work  parties,  and  counterattacking  forces. 
When  not  in  use,  they  are  sealed  by  the  use  of  portable 
obstacles  covered  by  weapons  fire.  In  barbed-wii'e  zones, 
lanes  and  gaps  are  stagwrcd  in  a  zigzag  pattern. 

Exercises  (C37): 

You  are  tasked  with  evaluating  weapon  emplacements  and 
tactical  baniers  on  your  base  to  insure  that  they  effectively 
support  fire  plans  and  protect  personnel.  During  your 
evaluation,  you  must  insure  that  the  specific  criteria  listed  in 
column  A  are  met.  Match  the  column  A  item  with  the  column 
B  type  of  weapon  emplacement,  related  protective  action,  or 
tactical  barrier  that  would  most  likely  achieve  the  result 
described  by  writing  the  column  B  letter  in  the  space 
provided.  Column  B  items  may  be  used  once  or  more  than 
once. 


Column  A 

Column  B 

  1. 

Provide  grazing  fire  across  the 

a. 

Overhead  cover. 

frontage  of  adjacent  areas. 

b. 

Perimeter  barriers. 

  2. 

Cause  point  detonating  rounds  to 

c. 

Machinegun  emplace- 

explode before  hining  defensive 

ments. 

positions. 

d. 

Dug-in  p>ositions. 

  3. 

Should  be  covered  by  defensive 

e. 

Interior  barriers. 

fire. 

f. 

Individual  rifle  posi- 

  4. 

Should  be  relocated  periodically  to 

tions. 

prevent  counterplanning  by  the 

g- 

Standoff  fencing. 

enemy. 

  5. 

Provide  the  means  for  personnel 

and  equipment  to  offer  the  smallest 

target  possible. 

  6. 

Must  not  hinder  the  movement  of 

response  forces. 

  7. 

Provide  supplementary  fire  for  the 

unit  area  and  add  depth  to  the 

offense. 

8. 

Limit  or  channel  the  movement  of 

enemy  penetrators  to  areas 

covered  by  your  most  intensive 

fire. 

  9. 

Provide  protection  of  personnel 

against  airburst  shelling. 

  10. 

Must  be  supported  and  protected 

by  individual  rifle  positions. 

11. 

Increase  the  problems  the  enemy 

faces  in  tiying  to  penetrate  your 

outer  defenses. 

i  u  I 
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CHAPTER  4 


Convoy  Techniques 


A  MILITARY  FORCE  must  be  able  to  get  from  one  place  to 
another  with  the  necessary  men  and  supplies  if  it  is  to 
perform  its  mission.  The  outstanding  ability  of  U.S.  Forces 
to  do  this  today  makes  them  the  most  mobile  that  the  world 
has  ever  known.  A  great  deal  of  this  mobility  depends  upon 
the  transportation  of  many  people  and  large  quantities  of 
materials  by  military  vehicles.  This  movement  of  people  and 
material  can  be  maintained  only  so  long  as  vehicle  operations 
personnel  arc  qualified  in  al!  phases  of  motor  transportation. 
One  of  these  phases  is  convoy  operation.  This  chapter 
provides  you  with  knowledge  of  the  kinds  of  convoys, 
coordination  required  with  civil  authorities,  and  planning 
and  control  of  convoys. 

4-1.  Convoy  Terms 

The  techniques  of  organization  and  management  of 
convoys  have  been  developed  by  the  U.S.  Army  to  a  very 
high  degree.  This  has  been  the  result  of  the  Arm*s  heavy 
reliance  upon  military  vehicles  for  its  ground  transportation. 
Transportation  within  the  Air  Force  has  been  directed  toward 
the  use  of  air  transport  whenever  practical.  However,  Air 
Force  motor  transportation  is  particularly  well-suited  for 
short  hauls  and  supply  distribution.  Another  exceptionally 
useful  advantage  of  motor  transportation  is  its  ability  to  reach 
an  unlimited  number  of  points  which  caimot  be  serviced 
otherwise-  This  makes  it  necessary  for  Air  Force  vehicle 
operations  personnel  to  have  a  working  Icnowledge  of 
convoy  techniques. 

C38.  Define  terms  used  in  convoy  operations. 

Convoy  Defined.  A  convoy  is  the  movement  of  a  group  of 
motor  vehicles  under  the  control  of  a  designated  individual. 
Its  purpose  is  to  facilitate  the  coordinated  movement  of 
personnel  and  materiel;  it  is  also  used  for  the  practical 
training  of  personnel  responsible  for  such  operations.  The 
individual  designated  to  control  the  movement  is  the  convoy 
conunander.  He  may  be  either  an  airman  or  an  officer — this 
depends  on  the  size  and  purpose  of  the  movement. 

In  many  cases,  a  convoy  is  called  a  motor  march. 
Actually,  the  two  terms  are  synonymous  and  are  used 
interchangeably.  A  motor  march  is  quite  formalized,  with 
very  rigid  controls  applied.  Small  convoys  are  more  informal 
and  controls  are  inclined  to  be  more  flexible. 

Terms  Used  in  Convoy  Operation.  There  are  several 
terms  peculiar  to  convoy  operation  that  you  should  know. 


The  more  commonly  used  terms  are  defined  in  the  following 
paragraphs. 

Control  vehicle.  The  vehicle  which  precedes  a  convoy 
(motor  column)  or  one  of  its  elements  (serial)  and  sets  the 
pace  or  rate  of  march. 

Fixed  column.  A  motor  column  (convoy)  in  which  a 
prescribed  space  between  vehicles  is  maintained  regardless 
of  the  speed. 

Governed  column.  The  spacing  between  vehicles  is 
governed  by  a  speedometer  multiplier  or  by  some  other 
means. 

Lead.  The  linear  spacing  between  the  heads  of  successive 
vehicles,  march  units,  serials,  or  columns. 

March  graph.  A  time-distance  diagram  used  in  planning 
and  controlling  motor  marches. 

March  unit.  A  subdivision  of  a  serial  which  moves  and 
halts  on  the  command  or  signal  of  the  march  unit 
conunander. 

Rate  of  march.  The  average  speed  of  a  motor  colunui  over 
a  period  of  time,  including  short,  periodic  halts. 

Serial.  A  major  subdivision  of  a  motor  column  which 
consists  of  elements  moving  from  one  area  to  the  same 
destination.  These  elements  are  grouped  under  a  serial 
conunander. 

Speedometer  multiplier  (SM).  Any  number  by  which  the  • 
speedometer  reading  in  miles  per  hour  is  multipled  to 
determine  the  vehicle  distance  in  yards.  At  20  mph,  with  an 
SM  of  2,  the  distance  between  vehicles  would  be  40  yards. 

Time-distance.  The  time  required  for  a  motor  column,  or 
one  of  its  elements,  to  move  from  one  point  to  another  at  a 
given  rate  of  speed. 

Traffic  density.  The  number  of  vehicles  that  pass  a  given 
point  within  a  given  period  of  time;  e.g.,  500  vehicles  per 
lane  per  hour.  It  can  also  be  defined  as  the  number  of  vehicles 
occupying  a  mile  of  roadway  at  any  given  time. 

Types  of  Convoys.  We  can  separate  convoys  into  three 
kinds:  normal  convoys,  hazardous  convoys,  and  convoys 
transporting  classified  equipment. 

Normal  convoys.  These  are  convoys  consisting  mainly  of 
general-purpose  vehicles  that  do  not  exceed  legal  limitations 
of  maximum  overall  length,  width,  height,  weight,  or  axle 
loadings  permitted  by  the  states  through  which  the 
movement  is  made.  They  are  also  capable  of  maintaining 
normal  speeds  on  the  highway. 

Hazardous  convoys.  These  arc  convoys  composed  of 
large,  bulky  motorized  equipment.  One  or  more  vehicles 
may  be  extra  wide,  having  overhanging  or  projecting 
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obstacles  to  traffic;  may  hz  overlength;  or  may  travel  at 
unusually  slow  speeds.  For  al!  practical  purposes, 
overweight  vehicles  can  be  put  in  this  category,  since  most 
overweight  vehicles  have  one  or  more  of  the  preceding 
characteristics. 

Convoys  transporting  classified  equipment.  These 
convoys  may  consist  of  normal  transport  vehicles  or  they 
may  involve  hazardous-type  vehicles.  Oversize  vehicles  are 
required  for  transporting  specialized  missile  equipment. 
Usually,  convoys  with  classified  equipment  are 
comparatively  small  and  often  have  only  one  transport 
vehicle  with  the  necessary  escorts. 

Exercises  (C38): 
1.  Define  the  following  terms, 
a.  Fixed  column. 


b.  March  graph. 


c.  Serial. 


d.  Speedometer  multiplier  (SM). 


e.  Time-distance. 


f.  Traffic  density. 


g.  Normal  convoy. 


h.  Hazardous  convoy. 


4-2.  Planning  and  Coordination. 

Consider  for  a  moment  the  large  number  of  interrelated 
factors  that  must  be  dealt  with  in  moving  troops  and 
equipment  through  a  war  zone.  Considerable  planning  must 
first  take  place  and  all  plans  must  be  coordinated  at  various 
levels  of  responsibility. 

€39.  State  factors  to  be  considered,  sources  and  kinds  of 
information,  and  the  importance  of  route 
reconnaissance  in  planning  convoy  movements. 

General  Planning  Factors.  There  are  a  number  of  factors 
that  determine  the  amount  of  planning  needed  when  a  convoy 
movement  is  to  be  made.  When  convoy  movements  are 
being  formulated,  you  must  find  out  the  purpose  of  the 


convoy,  quantity  and  type  of  cargo  to  be  hauled,  loading 
point,  destination,  and  arrival  time.  This  information  is 
usually  obtainable  from  orders  and  instructions  issued  by 
higher  authorities. 

Next,  determine  the  number  and  type  of  vehicles  which 
are  necessary.  This  can  be  decided  after  the  amount  and  type 
of  cargo  are  known.  The  number  of  personnel  necessary 
depends  to  a  great  extent  upon  the  number  and  type  of 
vehicles  needed. 

Now,  determine  the  supplies  that  are  required.  The 
number  of  vehicles,  distance  to  travel,  and  personnel 
involved  are  the  factors  to  be  considered.  When  all  this  has 
been  done,  you  should  answer  the  following  questions: 

•  What  is  the  best  route? 

•  What  are  the  halts  to  be  made? 

•  At  what  speed  will  the  convoy  travel? 

•  Where  will  fuel,  oil,  and  other  supplies  be  obtained? 

However,  if  you  are  not  familiar  with  the  area  of 
movement,  do  not  attempt  to  answer  these  questions  until 
you  have  made  a  route  reconnaissance.  You  will  then  be  able 
to  answer  the  preceding  questions  regarding  the  route.  After 
answering  these  questions,  decide  which  type  of  march  you 
will  use  and  arrange  the  convoy  accordingly.  You  must  also 
arrange  for  convoy  control. 

Finally,  most  movements  within  the  continental  United 
States  or  its  territories  must  be  coordinated  with  the  civil 
traffic  authorities  before  they  are  started.  Be  sure  to  get  all 
the  necessary  permits  and  clearances  required  from  the  civil 
authorities  as  early  as  possible. 

Route  Reconnaissance.  Route  reconnaissance  simply 
means  to  survey  a  route  over  which  a  convoy  movement  will 
be  made.  This  survey  is  used  to  gather  needed  information 
concerning  the  route  and  adjacent  areas  for  planning  the 
move.  Reconnaissance  should  be  made  before  and  during 
any  motor  move. 

You  may  obtain  basic  information  from  maps  (either 
standard  highway  or  military),  personal  knowledge,  and 
reports  furnished  by  engineers,  state  police,  and  weather 
forecasters .  Within  the  continental  limits  of  the  United  States 
and  in  most  oversea  areas,  you  will  find  well-marked  routes 
and  traffic  personnel  available.  But  even  so,  you  may  make  a 
limited  reconnaissance  to  prevent  accidents  or  delays.  In 
combat  areas,  you  must  make  a  more  thorough 
reconnaissance — lack  of  information  there  may  prove 
disastrous  both  to  personnel  and  equipment. 

If  your  reconnaissance  is  thorough,  it  should  provide  you 
with  the  following  information: 

a.  The  location  and  nature  of  major  routes  in  the  area. 

b.  The  location  and  characteristics  of  major  road 
junctions. 

c.  The  location  and  characteristics  of  detours  or  bypasses, 
rf.  The  time  and  distance  measurements  between  major 

points. 

€.  The  types  of  road  surface  and  the  condition  of  roadway 
and  shoulders. 

/.  The  width  of  each  roadway  and  the  number  of  traffic 
lanes  available  for  movement  in  each  direction. 

g.  The  maximum  grades  (percent). 

h.  Limiting  physical  features  of  the  available  routes 
(clearances,  heights,  loads,  and  widths). 
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i.  Facilities  providing  fuel,  repairs,  rations,  water, 
and  other  supplies. 

Availability  of  medical  facilities  in  the  area. 

k.  The  trafflc  density  at  critical  points. 

/,  The  variations  in  traffic  density, 

m.  The  location  of  critical  points  (bottlenecks,  points 
needing  traffic  control,  or  highway  regulation). 

n.  Availability  and  type  of  communications  facilities. 

o.  Traffic  control  devices  and  their  locations. 

p.  Types  of  traffic  controls  that  are  or  can  be  used. 

q,  Tlie  locations  of  potential  hazards  (lack  of  roadways, 
ice  and  snow,  steep  grades,  etc.). 

r.  The  locations  and  characteristics  of  fords. 

5.  The  routes  ;vhich  afford  maximum  protection  from 
hostile  ground  or  air  attack. 

t.  Road  and  bridge  construction  that  may  be  required. 

II.  Sites  that  may  be  adequate  for  dumps  or  depots. 

Exercises  (C39): 

1 .  How  are  the  number  and  type  of  vehicles  determined  in  a 
convoy  nr»ove? 


2.  Why  is  route  reconnaissance  important  in  a  move? 


3.  What  factor  determines  the  number  of  personnel  needed 
for  a  convoy? 


4,  Complete  the  following  statements  (one  word  in  each 
blank):  Basic  information  to  be  used  in  route 
reconnaissance  may  be  obtained  from  highway 

 ,  personal  knowledge,  and  reports  furnished 

by  engineers,  state  police,  and  weather  .  A 

thorough  reconnaissance  usuallj'  reveals  information 

concerning  the  location  of  supply  facilities 

and  critical  en  route. 

C40.  State  responsibilities,  procedures,  and  sources  of 
information  in  the  coordination  and  application  of 
control  measures,  escort  requirements,  and  permits  for 
convoy  movements. 

Coordination/Escort  Requirements  for  Normal 
Convoys.  Normal  convoy  movements  outside  the  local  area 
consisting  of  10  or  more  vehicles  organized  as  a  column  are 
coordinated  with  civil  traffic  authorities  by  higher 
headquarters.  This  also  applies  to  movements  of  10  or  more 
vehicles  dispatched  over  the  same  route  to  the  same 
destination  during  a  1-hour  period.  Arrangements  with  civil 
authorities  for  local  movements  are  handled  by  the  base 
transportation  officer  in  coordination  with  the  security  police 
officer. 

Special  Procedures  and  Escort  Requirements  for 
Hazardous  Convoys.  Normal  convoys  are  protected  in  both 
the  front  and  the  rear  by  escort  vehicles.  These  escort 
vehicles  should  be  equipped  with  red  warning  lights,  flares. 


and  other  emergency  equipment.  These  vehicles  travel  far 
enough  in  front  of  and  behind  the  convoy  to  give  adequate 
warning  to  all  approaching  traffic. 

Hazardous  convoys  require  special  markings,  red  flags, 
and  lights  to  make  them  readily  identifiable  and  to  reduce 
their  danger  to  other  traffic.  Special  markings  and 
procedures  also  apply  to  all  vehicles  transporting  explosives. 
Each  truck  carrying  explosives  or  ainmunition  is  properly 
marked  with  explosive  warning  signs.  The  word 
**explosives"  or  **dangerous/'  as  determined  by  the  class  of 
explosives,  is  exhibited  in  letters  at  least  6-inches  high  on 
reflectorized  placards.  These  placards  are  posted  on  the 
front,  rear,  and  both  sides  of  every  vehicle.  When  2  or  more 
trucks  carrying  explosives  are  traveling  together,  a  minimum 
distance  of  300  feet  is  maintained  between  vehicles. 
Department  of  Transportation  regulations  govern  the 
transportation  of  explosives  on  public  highways.  Specific 
safety  precautions  for  the  transportation  of  explosives  are 
given  in  AFR  127-100,  Explosive  Safety  Standard. 

Escort  vehicles  lead  and  follow  these  convoys.  Normally, 
escort  vehicles  are  equipped  with  and  display  rotating  red 
flashing  beacons  and  also  keep  their  headlights  on.  Suitable 
signs  (preferably  luminous)  are  displayed,  indicating  that  a 
convoy  follows  or  is  ahead.  Radio  communications  are  used, 
when  available,  to  facilitate  normal  communications  and  the 
immediate  adoption  of  emergency  procedures. 

Other  vehicles  in  the  convoy  will  have  headlights  and 
running  lights  turned  on  at  all  times.  All  overhanging  and 
projecting  equipment  is  marked  with  red  flags  during 
daylight  when  visiblity  is  good;  red  and  amber  lights  are  used 
during  periods  of  poor  visibility  and  at  night. 

The  vehicle  operations  officer  and  the  convoy  conmiander 
are  responsible  for  insuring  that  these  convoys  are  equipped 
for  all  conditions  expected.  The  coordination  with  civil 
authorities  for  the  movement  of  hazardous  convoys  is  carried 
out  by  higher  headquarters. 

Special  Procedures/Requirements  for  Classified 
Convoys,  Small  classified  convoys  of  vehicles  not 
exceeding  legal  limitations  on  size  or  weight  can  be 
coordinated  locally.  However,  oversize  classified  equipment 
requires  the  same  coordination  as  any  other  'lazardous 
convoy. 

Convoys  with  classified  equipment  are  under  the  direct 
control  of  a  security  officer,  who  may  also  act  as  convoy 
commander.  Also,  escorts  leading  and  following  the  convoy 
are  security  guards.  The  number  of  guards  and  their  locations 
in  the  convoy  are  determined  by  the  commander  ordering  the 
movement.  Driver  personnel  must  have  security  clearances. 

Procedures  in  Coordination  and  Obtaining  Permits  for 
Convoys.  The  fu-st  thing  is  to  determine  whether  or  not  the 
vehicle  is  oversize  or  overweight,  thereby  requiring  a 
clearance.  Each  state  has  established  its  own  limitations  on 
vehicle  widths,  heights,  lengths,  weights,  and  axle  loadings. 
Since  these  limitations  vary  considerably  from  state  to  state, 
you  must  be  familiar  with  those  for  all  the  states  in  which 
your  vehicles  operate.  You  can  get  this  information  by 
checking  state  laws  or  by  asking  the  appropriate  highway 
officials.  However,  there  is  a  simpler  method.  TlieAxBencaB 
Trucking  Association,  Inc,  publishes  a  consolidated  chart 
that  shows  current  information  on  vehicle  sizes  and  weights 
and  other  related  matters  for  highway  carriers.  This  is  not  an 
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official  Air  Force  publication  but,  it  is  used  for  military 
vehicle  movements  and  commercial  carriers. 

The  Director  of  Transportation  and  Supply  of  the 
appropriate  air  logistics  center  (ALC)  is  the  representative 
designated  to  secure  permits  for  military  vehicle  movements. 
The  Director  determines  whether  or  not  the  movement  by 
highway  is  essential  to  national  security  and,  when 
appropriate,  makes  all  the  necessary  requests  and 
certifications  to  the  authorities  of  the  states  involved. 

In  some  cases,  there  is  a  recurring  need  for  oversize, 
overweight,  and  special  movements  of  military  vehicles 
within  a  limited  area.  The  director  (mentioned  above) 
coordinates  and  arranges  for  formal  agreements  with  state 
and  local  civil  authorities  for  such  movements.  Copies  of 
these  agreements  are  furnished  to  state  officials,  local 
military  officials,  and  the  Director  of  Transportation, 
Headquarters  US  AF.  When  a  movement  is  to  be  made  under 
an  agreement,  the  local  base  transportation  officer  notifies 
the  civil  authorities  of  the  move  and  obtains  the  necessary 
permits. 

When  an  essential  movement  which  is  not  covered  by  an 
agreement  must  be  made,  the  local  base  transportation 
officer  will  request  the  appropriate  ALC  Director  of 
Transportation  and  Supply  to  negotiate  for  the  required 
permits.  The  request  should  be  prepared  on  DD  Form  1265, 
Request  for  Convoy  Clearance,  or  on  OD  Form  1266, 
Request  for  Special  Hauling  Permit.  T  -  furnish  all 
the  information  normally  needed  fo:  ^jtiation.  The 
information  to  be  furnished  for  oversik^c  or  overweight 
vehicles  includes,  as  a  minimum,  the  following: 

a.  Type  of  equipment  with  the  manufacturer's  name,  if 
available,  and  pertinent  accessories;  gross  weight;  axle  or 
track  loads  and  spacing;  and  the  height,  width,  and  length  of 
the  vehicle,  both  loaded  and  unload^:d. 

b.  Origin  and  destination  of  the  movement. 

c.  Proposed  date  and  time  of  the  movement. 

d.  Nature  of  the  cargo  (within  security  limitations). 

In  addition,  reasons  must  be  given  why  oversize  or 
overweight  vehicles  or  loads  cannot  be  reduced.  Also 
justification  must  be  given  as  to  why  highway  movement,  as 
opposed  to  another  mode  of  transportation,  is  essential. 

In  urgent  cases,  applications  for  permits  can  be  made  by 
electrical  communications  means.  These  message  requests 
should  give  the  required  information  in  the  numerical  order 
given  on  the  DD  forms  and  should  be  confirmed  through  the 
submission  of  the  applicable  form. 

Except  in  an  emergency,  all  permits  and  clearances 
necessary  for  convoy  movements  should  be  obtained  at  least 
24  hours  before  the  movement.  Also,  if  civil  police  escorts  or 
traffic  personnel  are  needed,  arrangements  for  them  must  be 
made  at  least  24  hours  ahead  of  time. 

Exercises  (C40): 

1.  You  have  a  movement  which  involves  19  vehicles.  All 
the  vehicles  will  reach  the  same  cestination  within  a 
1-hour  period.  Who  is  responsible  for  the  initial 
coordination? 


2.  Who  has  the  direct  control  of  vehicles  transporting 
classified  equipment? 


3 .  What  is  the  best  source  for  information  pertaining  to  state 
laws  concerning  overweight  or  oversize  vehicles  for 
movement  over  highways? 


4.  Name  the  officials  that  are  given  a  copy  of  a  written 
formal  agreement  for  oversize,  overweight,  and  special 
movement  of  military  vehicles. 


5.  What  forms  are  used  for  requesting  permits  for  essential 
oversize  convoy  movements  not  covered  by  formal 
agreements  with  appropriate  civil  authorities? 


C41.  Specify  the  chief  difference,  the  advantages,  and 
the  disadvantages,  in  the  three  types  of  motor  marches. 

After  gaining  the  necessary  information  concerning  the 
route  or  routes,  you  should  determine  the  type  of  motor 
march  to  use.  Three  general  types  of  marches  may  be 
employed— close  column,  open  column,  and  infiltration. 
The  difference  between  these  marches  is  largely  vehicle 
spacing.  Densities  and  speeds  will  vary  with  such  factors  as 
weather,  tactical  situation,  enemy  capability,  condition  and 
type  of  road,  vehicular  maintenance,  types  of  vehicles,  etc. 
The  following  descriptions  are  accepted  values  for  average 
conditions. 

Close  Column  Ma^h.  Close  column  is  the  formation 
generally  used  in  moves  under  blackout  conditions  or  in 
movements  through  congested  areas.  For  planning  purposes, 
figure  that  vehicles  move  at  a  rate  of  10  miles  in  the  hour  (*  'in 
the  hour"  refers  to  distance  covered  and  not  miles-per-hour 
speedometer  readings)  with  a  density  of  67  vdiicles  per  mile 
of  road.  In  other  words,  elements  of  the  colunm  are  grouped 
as  compactly  as  possible  to  reduce  road  space  to  a  minimum. 
Vehicles  in  close  column  follow  each  other  at  the  minimum 
distaiice  which  safety,  traffic  conditions,  and  the  tactical 
situation  will  permit. 

Advantages.  The  full  traffic  capacity  of  the  road,  or  traffic 
lane,  can  be  used  since  road  space  is  reduced  to  the  minimum 
required  for  safe  driving.  Colunm  control  and  intracolumn 
communications  are  better  in  such  compact  columns  and 
fewer  guides,  escorts,  and  markers  are  needed. 

Disadvantages.  Close  colunm  formations  do  not  provide 
dispersion  for  passive  protection  against  enemy  observation 
and  attack.  The  strength  and  type  of  organization  are  readily 
apparent  to  hostile  observation.  Vehicles  may  arrive  at 
loading  and  unloading  terminals  more  rapidly  than  they  can 
be  handled.  Careful  scheduling  and  rigid  control  of  traffic  arc 
necessary  to  avoid  blocking  intersections.  Greater  driver 
fatigue  is  generally  experienced  in  close  column  than  in  other 
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marches.  Ust^  o''  ^'•'t^         vn*.-        ^W-  •:  ij,     ■  v.  ;  .^i;, 

liniitcu. 

Open  Cotuinn  March.  An  open  column  march  is 
generally  used  during  daylight  moves.  The  distance  between 
vehicles  is  increased  to  gain  a  greater  degree  of  protecuon 
from  hostile  action  and  to  permit  coucun  cnt  use  of  highways 
by  other  tratfic.  For  planning  purposes,  tlgure  that  vehicles 
in  open  column  move  at  the  rate  of  15  miles  in  the  hour  with  a 
density  of  20  vehicles  per  mile  of  roadway. 

Advantages.  Open  column  fonnations  offer  some  passive 
protection  from  enemy  observ^ation  and  action,  allow  greater 
speeds  with  more  safety,  permit  greater  flexibility  in 
planning  moves,  and  reduce  drivci  fatigue. 

Disadvantages.  In  comparison  with  close  columns,  open 
columns  are  more  difficult  to  command  and  control. 
Abnormal  gaps  make  it  hard  for  drivers  to  maintain 
prescribed  spacing.  Open  column  fonnations  also  permit  less 
traffic  volume  on  a  road  than  more  compact  formations.  In 
comparison  with  infiltration,  open  columns  have  less  secrecy 
and  are  not  as  well  adapted  to  passive  defense. 

Infiltration.  Infiltration  is  used  when  maximum  secrecy, 
deception,  and  dispersion  are  needed.  This  type  of 
movement  involves  the  dispatch  of  vehicles,  individually  or 
in  small  groups,  to  a  predetermined  destination  over  one  or 
more  routes,  at  irregular  intervals  and  at  irregular  rates  of 
march.  To  an  observer,  an  infiltration  move  looks  like 
ordinary  casual  traffic.  Vehicles  should  normally  be 
dispatched  so  as  to  produce  an  average  density  not  to  exceed 
eight  vehicles  per  mile.  It  is  suitable  for  daylight  moves, 
movements  in  congested  areas,  and  on  routes  which  cross 
heavily  tiaveled  roads. 

Advantages.  Infiltration  provides  the  best  possible  defense 
against  hostile  observation  and  attack.  Under  light  traffic 
conditions,  movement  of  the  individual  vehicle  is  not 
materially  affected  by  other  vehicles  in  the  move  but  is 
limited  only  by  orders,  road  capability,  vehicle  mobility,  and 
the  training,  experience,  and  physical  condition  of  the 
drivers.  Higher  speeds  by  individual  vehicles  may  be  used 
with  this  type  of  movement.  Since  traffic  density  is  light, 
cross  traffic  may  move  without  excessive  interference.  A 
unit  may  be  moved  by  infiltration  over  a  route  on  which 
traffic  is  too  heavy  to  permit  movement  in  a  single  unit  or 
column. 

Disadvantages.  It  takes  longer  for  the  vehicles  in  an 
infiltration  march  to  complete  a  move  than  for  those  in  any 
other  movement  formation.  Thus,  in  spite  of  a  higher  rate  of 
march,  the  total  road  clearance  time  for  a  move  may  be 
longer.  More  important,  because  of  extended  distances 
between  vehicles,  internal  control  of  the  column  is  difficult. 
Drivers  are  usually  unable  to  regulate  their  movements  by  the 
vehicle  ahead,  and  careful  marking  of  the  route  is  necessary 
to  prevent  drivers  from  getting  lost.  If  drivers  operate  alone, 
a  more  detailed  briefing  is  required.  Maintenance,  refueling, 
and  messing  are  sometimes  difficult  to  arrange.  There  is  a 
danger  that  vehicles  may  bunch  up.  Due  to  relaxed  control, 
tactical  employment  of  the  unit  may  be  difficult  until  the 
march  is  completed. 

ERIC 


Kvrrei^ces  {CAD: 

1 .  What  is  the  main  difference  between  the  different  types  of 
marches? 


2.  In  what  type  of  march  are  fewer  guides,  escorts,  and 
markers  required? 


3.  Which  type  of  march — open  column  or  close 
column — offers  passive  protection  from  enemy 
obsei-vation? 

4.  Why  is  an  infiltration  march  used  when  maximum 
secrecy  is  involved? 


5.  List  three  disadvantages  of  an  infiltration  march. 


C42.  Given  a  march  graph,  determine  distance  and  time 
factors  concerning  a  convoy  movement, 

March  Graphs.  A  march  graph  is  a  time-distance 
diagram  used  in  planning,  controlling,  and  recording  the 
progress  of  a  convoy  over  a  given  route.  It  gives  a  visual 
picture  of  a  movement  and  thus  shows  possible  conflicts  and 
congestion  before  they  occur. 

March  graphs  may  be  used  for  an  individual  vehicle,  a 
small  unit,  or  a  large  motor  movement.  They  may  show  the 
movement  of  one  or  several  colunms  traveling  at  different 
speeds  over  one  or  more  routes. 

Before  prepaiing  a  march  graph,  determine  the  following 
information  concerning  the  route  and  movement: 

a.  Distance  from  starting  point  to  destination. 

b.  Route  characteristics  such  as  road  surface,  curves, 
populated  areas,  intersections,  number  of  lanes,  etc. 

c.  Reasonable  speed  for  the  convoy  to  travel. 

d.  Where  halts  will  be  made,  and  the  time  spent  for  each. 

e.  Checkpjoints  along  the  route. 
/.  Rate  of  march. 

g.  The  time  required  to  make  the  move  by  dividing  the 
distance  by  the  rate  of  march. 

When  you  have  the  required  information,  you  are  ready  to 
prepare  a  march  graph.  As  we  cover  the  preparation  of  a 
march  graph,  refer  to  figure  4-1  and  check  each  item  as  we 
discuss  it. 

The  first  requirement  is  that  the  graph  paper  contain 
enough  sqiiares  to  plot  the  distance  and  time  involved  in  the 
move.  Across  the  bottom  of  the  graph  paper,  starting  at  the 
left  and  progressing  to  the  right,  a  time  scale  is  inserted.  A 
scale  of  distance,  usually  in  miles,  is  then  placed  up  the  left 
side  of  the  paper  starting  at  the  bottom. 

After  the  time  and  distance  scales  are  established,  the 
selected  route  is  added  on  the  side  of  the  graph.  The  names  of 
towns,  *     — ctions,  highway  regulation  points,  and  traffic 


control  p>osts  along  the  route  are  shown  at  their  proper 
locations  on  the  route.  This  is  done  by  the  use  of  a 
diagrainmatic  strip  map. 

Next,  the  movement  is  plotted  on  the  prepared  jjraph.  For 
example ,  in  figure  4- 1 ,  a  unit  is  to  march  from  Mt.  Royal  to  a 
point  5  miles  beyond  Travistock.  Scheduled  departure  time 
is  0700,  and  the  column  is  planned  to  proceed  at  the  rate  of  15 
miles  per  hour. 

A  dot  is  placed  on  the  graph  at  the  point  where  the  line 
representing  the  place  of  departure  intersects  the  line 
representing  the  hour  of  departure.  Another  dot  is  placed  on 
the  graph  at  the  point  where  the  line  representing  the 
destination  intersects  the  line  representing  the  hour  the  head 
of  the  column  is  scheduled  to  arrive.  A  straight  line  is  drawn 
to  connect  these  two  dots.  This  line  represents  the  schedule 
on  which  the  head  of  the  column  travels  and  indicates  when  it 
should  reach  any  point  en  route. 

In  addition  to  scheduling  the  head  of  a  column,  the  end  of 
the  column  (the  trail)  may  also  be  scheduled  on  a  march 
graph.  For  example,  in  figure  4-1,  the  head  of  the  column 
was  scheduled  to  leave  Mt.  Royal  at  0700  hours  and  the  last 
vehicle  of  the  convoy  was  scheduled  to  leave  Mt.  Royal  at 
0730. 

After  the  head  and  trail  of  a  column  have  been  scheduled 
on  a  march  graph,  the  length  of  the  column  can  be 
determined.  This  is  done  by  drawing  a  vertical  line 
connecting  the  head  and  trail  lines.  This  vertical  line  is 
measured  and  applied  to  the  scale  of  miles,  thereby  giving 
the  overall  length  of  the  column. 


Exercises  (C42): 

Using  the  march  graph  in  figure  4- 1 ,  determine  the  following 

planning  (distance  and  time)  factors. 

1.  What  is  the  distance  the  convoy  will  travel? 


2.  When  should  the  convoy  head  arrive? 


3.  When  should  the  convoy  trail  arrive? 


4.  How  long  (miles)  is  the  convoy  column? 


5.  Where  should  the  convoy  head  be  at  0930? 


DUNDALK 
MC  LEAN 


TCP 


TCP 


TRAVISTOCK 


JACKSON  HTS 


T 


STEVENS 


MT  ROYAL 


ROLAND 


110 
100 


SCHEDULE  LINE  REPRESENTING  HEAD  OF  COLUMN 


Figure  4-1.  March  graph. 
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4-3.  Convoy  Organization  and  Control 

Convoys  don't  just  happen;  they  are  organized.  The 
element  of  control  plays  a  major  part  in  maintaining  the 
integrity  of  any  convoy. 

C43.  Specify  the  internal  composition  of  convoys  and  the 
responsibilities  of  various  elements. 

Internal  Composition  of  Convoys.  Every  convoy  is 
made  up  of  tliree  internal  elements  or  parts:  head,  main  body, 
and  trail.  In  the  case  of  small  columns,  the  functions  ot  the 
three  parts  may  be  combined.  For  example,  a  convoy  may  be 
as  small  as  two  vehicles  moving  together  under  one 
commander.  In  such  a  small  movement,  both  vehicles  are 
usually  task  vehicles  carrying  loads  and  constitute  the  main 
body.  The  first  vehicle  also  contains  the  persons  who 
perform  the  functions  of  the  head,  and  the  second  vehicle 
contains  trail  personnel. 

In  addition  to  the  above  elements,  large  convoys  often 
make  use  of  detached  parties.  These  detached  parties > 
advance  and  folio wup,  are  not  a  part  of  the  main  column  and 
operate  apart  from  it.  They  are  detailed  to  perform  special 
duties  when  the  situation  requires  their  use.  The  functions  of 
the  various  elements  are  discussed  in  the  following 
paragraphs . 

Head,  The  head  is  the  first  element  of  the  column  in  the 
order  of  march.  The  lead  vehicle  should  contain  the  convoy 
commander  or  an  officer  or  noncommissioned  officer  who 
represents  the  commander.  He  or  she  is  there  to  handle  any 
problems  that  occur  at  the  head  of  the  column.  This  would 
consist  of  such  things  as  correctly  following  the  prescribed 
route,  checking  in  at  scheduled  points,  receiving  any  orders 
or  change  in  orders,  and  issuing  such  instructions  as  may  be 
required.  He  or  she  may  also  contact  and  coordinate  with 
civil  authorities  along  the  route  of  the  movement. 

A  lead  vehicle  should  also  contain  a  pace  setter.  The  pace 
setter  sets  the  pace  to  comply  with  the  rate  of  march.  The 
maximum  pace  is  usually  controlled  by  the  speed  that  can  be 
maintained  by  the  slowest  vehicle  in  the  column. 

Main  body.  The  main  body  of  the  column  follows  the  head 
and  consists  primarily  of  vehicles  carrying  troops, 
equipment,  and  supplies.  This  part  of  the  convoy  may  be 
subdivided  into  serials  and  march  units  for  easier  regulation 
and  control.  For  example,  the  commander  can  divide  the 
vehicles  into  serials  of  vehicles  and  then  subdivide  the  serials 
into  march  units.  The  convoy  commander  commands  the 
entire  motor  march;  he  or  she  names  serial  commanders  and 
march  unit  conmianders.  Each  serial  (and  march  unit  when 
desirable)  may  be  organized  with  a  head,  main  ixnly,  and 
trail.  Each  separate  element  should  have  its  own  pace  setter. 

Once  the  vehicles  have  been  organized  into  a  suitable 
march  colunm,  each  vehicle  must  be  labeled  to  indicate  its 
position  in  the  column.  Normally,  vehicles  are  identified 
numerically.  For  example,  the  first  vehicle  in  the  column  is 
numbered  "1 the  second  "2,"  etc.  If  there  are  two  or  more 
serials,  the  serials  are  identified  alphabetically,  such  as 
"A,"  "B,"  "C,"  etc.  The  designation  "A-l"  on  a  vehicle 
would  indicate  the  1st  vehicle  in  the  first  serial;  "B-27*' 
would  indicate  the  27th  vehicle  in  the  2d  serial.  Placards  or 
some  easily  removed  substance  (chalk  or  tape)  should  be 
used  to  label  the  vehicles. 
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If  all  vehicles  in  a  convoy  aic  to  remain  together  from 
origin  to  destination,  slower  vehicles  should  be  placed  near 
the  head  of  the  column.  This  arrangement  serves  as  a 
governor  on  the  faster  vehicles  and  prevents  large  gaps  from 
developing  between  elements  within  the  column.  It  may  be 
desirable  for  the  column  to  move  in  small  segments  because 
small  units  create  less  disruption  of  traffic  over  the  routes 
used.  In  this  case,  vehicles  are  grouped  with  the  faster  ones  at 
the  head.  As  the  column  progresses,  gaps  between  serials  or 
march  units  become  progressively  greater. 

Trail,  The  trail  is  the  last  element  of  a  motor  column.  The 
trail  officer  or  noncommissioned  officer  represents  the 
commander  in  such  functions  as  preventing  straggling  and 
maintaining  discipline.  Usually,  maintenance  and  possible 
medical  personnel  included  in  the  trail  are  under  the 
supervision  of  the  trail  officer.  The  final  clearance  of 
designated  points  by  the  column  is  checked  by  the  trail 
officer,  and  he  or  she  takes  such  action  as  may  be  required. 
He  or  she  also  makes  sure  that  traffic  from  the  rear  is  warned 
of  the  convoy  ahead,  and  he  or  she  picks  up  guides  and 
markers.  In  case  of  breakdowns,  the  trail  personnel  make 
repairs,  arrange  for  towing,  or  see  that  the  vehicle  is  properly 
attended  until  disposition  of  vehicle  and  cargo  can  be 
effected. 

Detached  parties.  Advance  parties  may  be  provided  by  a 
higher  headquarters  or  detailed  from  the  convoy.  Their 
mission  is  to  locate  and  arrange  for  bivouac  areas;  for 
quarters  or  billets;  for  loading  and  parking  facilities;  and  for 
supplies,  rations,  water,  fuel,  and  medical  attendance  before 
the  convoy  arrives.  The  advance  parties  are  resp>onsible  also 
for  traffic  reconnaissance  except  when  the  movement  is 
made  over  an  already  reconnoitered  route.  The  advance 
parties  also  post  guides,  traffic  control  personnel,  and  route 
markers  as  needed. 

The  followup  detachment  is  dr.signated  to  inspect  bivouac 
areas  and  other  halt  sites  after  they  are  vacated  by  the 
convoy.  They  must  correct  and  report  to  the  commander  of 
the  convoy  any  undesirable  conditions  noted.  During 
operation  in  peacetime,  the  followup  party  completes  the 
necessary  paperwork  in  connection  with  leased  camp  sites 
and  with  claims  arising  from  damage.  On  the  road,  this  party 
may  pick  up  guides,  guards,  and  markers  which  have  been 
placed  by  the  advance  party.  Providing  tor  the  disp>osition  of 
dead  or  wounded  and  of  disabled  vehicles-  is  also  a 
responsibility  of  the  followup  parties. 

Exercises  (C43): 

1 .  Explain  how  a  convoy  of  two  vehicles  can  have  all  three 
elements  of  a  convoy. 


2.  What  is  a  detached  party? 


3.  List  five  things  for  which  the  head  of  the  column  is 
responsible. 
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4.  Which  unit  determines  the  rate  of  march  for  a  convoy? 


5.  How  is  internal  control  maintained  in  a  large  convoy? 


6.  What  does  the  sign  or  chalk  designation  **E>-19''  on  a 
vehicle  in  a  convoy  indicate? 


C44.  State  convoy  communications  methods;  given 
situations  involving  the  need  for  communication  within 
a  convoy,  determine  the  possible  methods. 

Intracolumn  Communication.  Intracolumn 
communications  help  provide  convoy  control.  Sign 
messa[^es  from  the  front  of  the  column  may  be  written  on  a 
board  and  posted  on  the  driving  side  of  the  road  or  displayed 
by  a  guide.  Such  messages  ate  then  noted  by  the  drivers  as 
they  pa5s  the  signboard. 

Written  messages  directed  to  a  unit  or  vehicle  in  the 
column  may  be  delivered  by  a  messenger  or  given  to  a  guide 
stationed  along  the  route  who  will  transfer  it  to  the  proper 
vehicle. 

Two-way  radios  may  be  located  in  the  control  cars  of  the 
commander  and  at  the  head  and  trail.  When  supplemented  by 
receivers  in  other  vehicles  in  the  column,  they  provide  the 
best  intracolumn  communications  and  afford  maximum 
control  of  a  column. 

Whistles  and  other  audible  signaling  devices  (hom,  siren, 
etc.)  can  be  used  as  a  means  of  tranmitting  a  command  to  a 
column  when  a  code  has  been  established. 

Visual  hand  and  arm  signals  constitute  another  means  of 
march  communication.  Column  control  signals  may  be  given 
from  the  cab  of  a  vehicle  or  by  a  person  standing  on  the  road. 
The  meaning  of  the  standard  hand  and  arm  signals  used  for 
convoy  control  is  contained  in  AFM  77-2,  Manual  for  the 
Wheeled  Vehicle  Driver, 

Exercises  (C44): 

1.  List  four  methods  of  communicating  between  personnel 
within  a  convoy. 


2.  A  message  for  the  driver  of  the  vehicle  B-3  could  be 
delivered  by  what  means? 


3.  Serial  B  is  to  be  rerouted  a  short  distance.  There  is  no 
radio  communications  within  the  convoy.  How  could  the 
drivers  of  this  serial  be  notified? 


V^S.  State  the  purpo.se  of,  and  consideration  in 
scheduling,  halts  durin^^  convoy  operations. 

Halts.  Halts  are  made  for  purposes  of  rest,  personal 
comfort  and  relief,  messing,  refuelinp,  maintenance  and 
inspection  of  equipment,  and  allowing  other  traffic  to  pass. 

Short  halts.  Routine  short  halts  will  be  made  at  the 
discretion  of  the  commander.  Short  halts,  when  specifically 
ordered,  should  normally  be  made  for  10  minutes  after  every 
no  minutes  of  driving  time. 

Long  Halts.  Long  halts  (messing,  refueling,  and 
bivouacking)  should  coincide  and  must  always  be 
specifically  ordered  and  plotted  on  road  movement  graphs. 
The  locations  for  scheduled  halts  should  be  selected  in 
advance.  They  may  be  prescribed  by  higher  authority, 
located  tentatively  by  map  references,  or  selected  by  the 
reconnaissance  party. 

Comfort  of  personnel  and  servicing  facilities  for  vehicles 
are  important  considerations  in  selecting  sites  for  long  halts. 
If  a  column  starts  from  a  populous  area,  its  first  halt  should  be 
delayed,  when  practical,  until  a  rural  area  is  reached  io 
facilitate  relief  of  personnel.  Columns  should  be  halted  at 
points  providing  a  minimum  of  200  yards  of  clear  visibility  to 
the  front  and  rear  of  the  column.  Guards,  warning  flags, 
caution  l?ghts,  or  flares  should  be  posted  in  the  front  and  to 
the  rear  of  the  column  if  it  presents  a  hazard  to  passing  traffic . 

During  halts,  all  personnel  have  certain  responsibilities 
Officers  and  noncommissioned  officers  check  the  welfare  of 
personnel,  the  security  of  loads,  and  the  performance  of 
operator  maintenance.  Control  personnel  make  necessary 
inspections  and  give  instructions  to  insure  resumption  of  the 
movement  with  a  minimum  of  confusion  at  the  end  of  the 
halt.  Mess,  medical,  and  maintenance  personnel  perfonn 
such  special  duties  as  the  purpose  and  duration  of  the  halt 
permits.  Drivers  inspect  their  vehicles  and  security  of  loads 
and  make  necessary  corrections. 


Exercises  (€45): 

I,  Wliy  are  halts  made  during  a  convoy  movement? 


2.  How  often  should  shorter  halts  be  scheduled  for  a 
convoy? 


3.  What  are  two  important  things  to  consider  when 
scheduling  long  halts? 
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ANSWERS  FOR  EXERCISES 


CHAPTER  1 


References 

COl  -  1 


COl  -  2. 

COl  -  3. 
C02  -  I. 

C02  -  2. 


C03 
C03 
C03 
C03 
C03 

C03 
C03 

C04  - 


COS 
COS 


C06 
C06 
C06 
C06 
C06 

C06 

C06- 

C06 


COS  ~  1. 


•  2. 

•  3. 

-  4. 

•  S. 

■  6. 

•  7. 

-  8. 


C07  -  I. 


rirst  aid  measures  for  injuries  such  as  trectures  and  ctiest 
wounds,  for  emergencies  such  as  drowning  and  electric  shock, 
and  for  common  emergencies  such  as  minor  wounds  and 
unconsciousness.  You  should  leam  as  much  as  you  can  about 
first  aid  measures  for  sickness  and  injury  resulting  from 
industrial  toxic  substances. 

Observations  of  the  plans,  soles,  nail  beds,  mucous  membranes 
ot  the  lips  and  mouth,  and  mucous  membrane  which  lines  the 
eyelids  and  is  reflected  onto  the  eyeball. 
Know  what  to  do  and  what  not  to  do. 

The  four  lifesaving  steps  arc:  assure  b^xathing,  stop  the 
bleeding,  protect  the  wound,  and  prevent  or  treat  shock. 
Pulling  clothing  over  the  wound  increases  the  danger  of 
infection,  and  moving  the  wounded  part  may  make  the  wound 
worse,  as  well  as  cause  needless  pain. 

True. 
True. 
True. 
True. 

False.  The  sword-swallowing  position  means  the  victim's  chin 

and  neck  are  stretched  away  ftx>m  his  chest. 

True. 

True. 

(1)  a.  C. 

(2)  b,  A. 
<3)  a,  C. 
(4)  b.  B. 

c 


(5) 
(6) 

(7)  b, 

(8)  c. 

(9)  a, 
(10)  c, 


A. 
A. 
A. 
A. 
B. 
A. 


You  dress  a  wound  to  reduce  bleeding  and  to  protect  it  from 
infection  and  further  injury. 

A  dressing  is  a  pack  or  padding  placed  directly  on  the  wound. 
A  bandage  is  the  material  you  use  to  hold  a  dressing  in  place  or 
create  pressure  to  stop  the  blood  flow. 

True. 
True. 

False.  Cold  and  clammy  skin  is  indicative  of  shock. 
True. 

False.  Win**  is  alcoholic,  and  alcoholic  beverages  should  not  be 

given  to  any  injured  person. 

True. 

True. 

raise.  You  treat  for  shock  whenever  the  symptoms  appear.  If 
they  don't  appear,  you  start  treating  to  prevent  shock,  after 
assuring  breathing  and  stopping  the  bleeding. 

(1)  a. 

(2)  b. 

(3)  c. 


(4)  d. 

(5)  e. 

C08  -  1.  True. 
C08  -  2.  True. 
C08  -  3.  True. 

C08  -  4.    False.  Change  **stro?^e"  to  **exhaustion." 
C08  -  5.  True. 

C08  -  6.    False.  Change  ••e"  to  'M2." 
C08  -  7.  True. 
C08  -  8.  True. 

C08  -  9.    False.  Change  **when  he  or  she  regains  consciousness"  to  **at 
once." 

C09  -  1.  True. 

C09  -  2.  True. 

C09  -  3.  True. 

C09  -  4.  True. 

C09  -  5.  True. 


CIO 
CIO 
CIO 
CIO 


CM  -  1. 


CM  -  2. 


CHAPTER  2 

True. 
True. 
True. 
True. 

Infection  is  the  invasion  of  a  person's  body  by  disease-producing 
organisms. 

a.  Skin  and  mucous  membranes. 

b.  PtUular  system  (lymphatic  system). 

c.  Blood  system. 


Insert  "a  toothbnish  alone.' 


C12 

-  1. 

True. 

C12 

-  2. 

True. 

C12 

-  3. 

True. 

C12 

-4. 

True. 

C12 

-5. 

False.  Delete 

C12 

-6. 

True. 

C12 

-  7. 

True. 

C13 

-  1. 

(1)  c,  B. 

(2)  a.  E. 

(3)  b,  D. 

(4)  d,  A. 

C14 

-  1. 

a.  4. 

b.  2. 

c.  1. 

d.  3. 

Ci4  -  2.    a.  Iodine  tablets;  calcium  hypochlorite  ampules. 

b.  Calcium  hypochlorite. 

c.  Twenty  minutes  after  mixing. 

d.  One  canteen. 

C15-1.  True. 

CIS  -  2.  False.  Change  "is  not"  to  '*is." 

CIS  -  3.  False.  Change  "are  suitable'*  to  '*are  not  suitable. 

CIS -4.  True. 

CIS -^5.  Tnie. 
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C16 

I . 

c. 

2.  d. 

3.  a. 

A  m 

4.  C. 

C17 

- 

1. 

Bite. 

C17 

- 

2. 

Bcxly,  head. 

C17 

- 

3. 

Seams,  neck,  waist. 

C17 

— 

4. 

Sifter. 

C18 

— 

1. 

C. 

Ulo 

C. 

1  o 

J. 

X. 

do 

A 

c. 

C18 

5. 

X. 

C19 

- 

1. 

T. 

C19 

— 

2. 

F. 

C19 

— 

3. 

T. 

C19 

- 

4. 

T. 

C20 

1. 

Insects. 

C20 

- 

2. 

Brush,  vegetation,  animals. 

C20 

3. 

Crush,  mouthpaits. 

C20 

4. 

World,  climates. 

C20 

5 . 

Person,  personal. 

C20 

6. 

Rodents. 

C21 



Human. 

C21 

2. 

Rodent-bomc. 

C21 

- 

3. 

Infestation,  food,  harborage 

C21 

- 

4. 

Containers. 

C21 

- 

5. 

Mechanical. 

C21 

- 

6. 

Traps,  bait. 

C22 

I. 

T 

C22 

2. 

T. 

C22 

3. 

X. 

C22 

4. 

X. 

C22 

5. 

T. 

C22 

6. 

T. 

CHAPTER  3 

C23  -  1.    Concealment  from  direct  and  indirect  observation. 
C23  -  2.  Hiding. 
C23  -  3.  Deceiving. 

C23  —  4.    Choice  of  position,  camouflage  discipline,  and  camouflage 

construction. 
C23  -  5.    Noise  and  light  discipline. 

C24  -  1.  Burnt  coric,  charcoal,  lampblack,  and  mud. 

C24  -  2.  Paint,  bands,  and  helmet  covers. 

C24  -  3.  The  position  of  the  enemy  force. 

C24  -  4.  Through  use  of  camouflage  nets. 

C25  -  I .  Cover. 

C25  -  2.  Concealment. 

C25  -  3.    Use  both. 

C26  "~  1 .  Rushing  is  a  technique  where  you  start  from  the  prone  position  or 
cover,  pick  a  location  to  move  to,  and  quickly  get  up  and  run  to 
that  position. 

C26  ~  2.  The  low  crawl  is  pushing  and  pulling  yourself  along  the  ground 
with  your  weapon  lying  across  your  arm  and  your  head  low  to  the 
ground;  the  high  crawl  allows  you  to  hold  your  head  up  and  carry 
your  weapon  across  your  arms  in  front  of  your  body. 

C26  -  3.  To  walk  at  night,  you  lift  your  legs  high  and  come  down  on  your 
toes. 

C27  -  1 .  Part  of  your  force  moves  forward  10  to  15  meters  at  a  time  while 
the  remainder  of  the  force  lays  down  cover  fire. 

C27  -  2.  The  only  difference  between  individual  and  team  fire  and 
movement  is  that  the  number  of  people  moving  at  one  time  is 
greater  with  team  movement. 

C28  -  1.  To  advance  on  a  hostile  position  and  gain  a  position  close  enough 
to  be  able  to  conduct  an  assault. 


C2K  -  2.    To  lay  down  sufficient  fire  on  the  hostile  position  to  provide  an 
etlective  cover  tor  the  maneuver  echelon. 

C29  -  I .    a.  To  observe  a  large  area  f' r  enemy  activity. 

b.  To  specifically  locate  enemy  activity  as  you  move  through  en 
area. 

c.  To  observe  a  single  point  and  record  information  concerning 
enemy  activity. 

C29-  2.    (I)  b. 

(2)  0. 

(3)  c. 

(4)  0. 

(5)  a. 

C30  -  I .    a.  Destroy  a  moving  or  temporarily  halted  target. 

b.  Attack  and  destroy  an  enemy  position  and  then  withdraw. 

c.  Move  into  an  area,  destroy  or  remove  the  enemy,  and  hold  the 
territory. 

d.  Screen  or  cover  the  flanks  of  a  position,  area,  or  route. 

e.  Establish  a  road  block  to  prevent  enemy  movement  or 
reinforcement,  seize  key  terrain  to  prevent  enemy  use,  or  act 
as  a  blocking  force. 

C30  ~  2.    (1)  d. 

(2)  a. 

(3)  0. 

(4)  b. 

(5)  e. 

(6)  c. 

C31  -  1.    a.  Preparation — gather  intelligence  and  plan  counterattack. 

b.  Fire  and  maneuver — depart  the  line  of  departure  and 
maneuver  under  cover  fire  to  the  final  coordination  line. 

c.  Assault — cover  fire  is  shifted  away  from  the  maneuver 
echelon  as  they  stan.J  and  assault  the  hostile  position,  retake, 
and  secure  the  position. 

C32  -  1 .    Men  in  kill  zone  assault  the  ambush  position.  Men  not  in  kill 

zone  maneuver  against  the  ambush  force.  Eliminate  the  ambush 

or  break  contact  as  directed. 
C32  -  2.    Men  in  kill  zone  return  fire  and  take  available  cover.  Men  not  in 

kill  zone  maneuver  against  the  ambush  force.  Eliminate  the 

ambush  or  break  contact  as  directed. 

C33  -  1 .    To  insure  that  all  hostile  forces  have  fled  or  been  neutralized  and 

all  boobytraps  found  and  disarmed. 
C33  -  2.    Areas  and  buildings  previously  held  by  an  enemy  are  taken  from 

enemy  control  and  made  available  for  occupation  by  friendly 

forces. 

C33  -  3.  Enter  building  from  top;  search  and  clear  from  top  to  bottom. 
C33  -  4.    Enter  on  second  floor,  search  and  clear  seccnd  floor;  proceed  to 

top  of  building  and  search  and  clear  down. 
C33  -  5.    Reconnaissance  in  force,  flight  size. 
C33  -  6.    Raid,  squad  size. 

C34  -  1 .  No. 
C34  -  2.  Yes. 
C34  -  3.  Yes. 

C35  -  1.  d. 


C35 
C35 
C35 
C35 


2. 
3. 
4. 
5. 


C36  -  1. 


C36  -  2. 


C36  -  3. 


c. 
b. 
e. 


b.  To  break  up  enemy  attack  formations  and  to  hold  or  channel 
the  enemy  in  areas  covered  by  your  most  intensive  fire. 

c.  To  camouflage  the  position  of  your  primary  wir-  barriers  and 
to  connect  barriers  surrounding  your  defensive  positions. 

a.  To  prevent  surprise  -assaults  from  points  close  to  your 
defensive  area. 


C37  - 

1. 

c. 

C37  ~ 

2. 

g- 

C37  - 

3. 

b,  e. 

C37  - 

4. 

e. 

C37  - 

5. 

d. 
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C37 

-  6. 

C37 

-  7. 

f. 

C37 

-  8. 

e. 

C37 

-  9. 

a. 

C37 

-  10. 

c. 

C37 

-  II. 

b. 

CHAPTER  4 


C38-1.  a 


Motor  column  in  which  a  prescribed  space  between  vehicles 
is  maintained,  regardless  of  speed. 

b.  Time-distance  graph  used  in  planning  and  controlling  motor 
marches. 

c.  Major  subdivision  of  a  motor  colunrm,  consisting  of  dements 
from  one  area  to  the  same  destination. 

d.  Number  used  to  multiply  the  speedometer  reading  to 
determine  vehicle  distance  in  yards. 

e.  Time  lequireu  for  a  motor  column  to  move  a  certain  distance 
at  a  given  rate  of  speed. 

f.  Number  of  vehicles  passing  a  given  point  within  a  given  time 
pcric^ii 

g.  A  convu>  .it  general-purpose  vehicles  which  do  not  exceed 
legal  limitations  and  which  are  not  carrying  hazardous  cargo. 

h.  A  convoy  of  vehicles  exceeding  legal  sire  limitations  or 
traveling  at  unusually  slow  speed. 

C39  -  1 .    The  amount  and  type  of  cargo  that  is  to  be  moved. 

C39  —  2.    It  is  used  to  gather  information  conceming  the  route  and  the 

adjacent  areas  for  planning  the  move. 
C39  —  3.    Number  and  type  vehicles  needed. 

C39  -  4.    Maps;  forecasters;  fuel  (or  repairs,  rations,  water);  points  (or 
bottlenecks). 

C40  -  1 .    Base  transportation  officer  in  coordination  with  the  security 
px)lice  officer. 

2.  Security  officer. 

3.  The  American  Trucking  Association,  Inc. 

4.  State,  local  military,  and  Director  of  Transportation, 
Headquarters  USAF. 

C40  -  5.    DD  Forms  1265  and  1266. 


C4C 
C40 
C40 


C4I 
C41 
C41 


*  •    Vehicle  spacing. 

2-    Close  column  march. 

3.    Open  colunm  n  arch. 


C4I 


C42 
C42 
C42 
C42 
C42 


C43  -  1. 


C43 
C43 


-  2. 


C43 
C43 

C43 
C44 


C44 
C44 


C45  -  1 . 

C45  -  2. 
C45  -  3. 


~       Because  to  an  enemy  observer,  the  move  lot>ks  like  ordinary 
traffic  How. 

-       (1 )  Requires  the  greatest  amount  of  time  to  complete  a  move. 

(2)  Internal  control  of  ihe  column  is  difficult. 

(3)  Usually  requires  more  detailed  briefing  of  drivers. 

(4)  Maintenance,  refueling,  and  messing  arc  sometimes  dif- 
ficult to  arrange. 

(5)  Tactical  employment  of  unit  may  be  difficult  during  march. 

60  miles. 
1 100  hours. 
1 130  hours. 
7  miles. 

Jackson  Heights. 

A  convoy  of  two  vehicles  would  have  more  tlian  one  function 
performed  by  each  vehicle.  Normally,  both  vehicles  arc 
load-carrying  and  would  constitute  the  main  body.  The  IciwJ 
vehicle  carries  the  individual  in  charge  (head),  and  the  second 
vehicle  would  act  as  the  trail. 

A  detached  party  operates  apart  from  the  column  and  performs 
special  duties  in  advance  of  or  following  the  convoy. 
The  head  of  the  convoy  follows  the  prescribed  route,  checks  in  at 
scheduled  points,  receives  orders  or  changes  in  orders,  issues 
instructions  as  required,  and  coordinates  with  civil  authorities 
along  the  route. 

The  pace  setter  (usually  slowest  vehicle). 
By  subdividing  the  convoy  into  serials  and,  where  necessary, 
march  units.  Each  of  these  has  a  commander. 
The  19lh  vehicle  in  the  4th  serial. 

Signs,  written  messages  (delivered  by  messenger  or  guide), 
two-way  radios,  sounds,  and  signals  (such  as  hand  and  arm 
signals). 

Written  message  or  two-way  radio. 
Signs  [X)sted  on  roadway. 

They  provide  for  periods  of  rest,  personal  comtort,  and  relief, 
messing,  refueling,  maintenance  and  inspection  of  equipment, 
and  allowing  other  traffic  to  pass. 

They  should  be  scheduled  to  allow  1 0  minutes  rest  after  each  110 
minutes  of  driving  time. 

(I)  The  comfort  of  personnel  and  (2)  servicing  facilities  for 
vehicles. 


■  4. 
•  5. 

6. 


■  2. 
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STOP. 


1.  MATC  la  ANSWKR  SHEET  lO  i  HIS  KXKRC  ISF.  M  MHI  R, 

2.  USE  NUMUKK  2  PENCIL  ONLY. 
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VOLUME  REVIEW  EXERCISE 
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(iENERAL  <  ONTINGENCY  RESPONSIBILITIES 
<:ttrerull.Y  read  th^  followin}:: 

\.  Check  il>c  \iniisc/'  '  vtiiiimc.  *  itriii  romr'  nun>bcrs  trom  the  answer  sheet  address  tab  againsl  the 
•'VKl'  :inswcr  sheet  ulenlil  iealuMi  nunihei  "  in  the  nghlhaiul  column  of  the  shipping  hst.  If  numbers  do 
not  maleh.  ivturn  the  iinswei  slieel  ;ind  the  shipping  hst  to  hiCl  ininicdialely  with  a  note  of  explanation. 

2.   Note  lliat  Item  luimhers  on  answer  she  '  are  secjucntial  in  eaeh  eolumn. 

}.   Use  a  nieJiinn  sharp  #2  hlaek  lead  peneil  lor  marking  answer  sheet. 

4.  Write  the  ^oneel  answer  in  the  margin  at  the  left  of  the  item.  (When  you  review  for  the  course 
examination  you  can  cover  your  answers  with  a  strip  of  paper  and  then  check  your  review  answers 
againsl  your  original  choices. )  After  ynu  are  sure  of  your  answers,  transfer  them  to  the  answer  sheet.  If 
yon  havr  to  change  an  answci  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete,  Uee  a  clean 
eraser,  liut  tiy  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible, 
l  ake  action  to  return  entire  answer  sheet  to  ECI, 

6.  Keep  Vt>lu!nc  Review  Exercise  booklet  for  review  and  reference. 

7,  If  imuuiatimh  enrolled  student,  process  questions  or  comments  through  your  unit  trainer  or  OJT 
supervisor.  If  \Y>//<///r//  /7v  enrolled  student .  send  questions  or  comments  to  ECI  on  ECI  Form  17 

DON'Ts: 

^   L  l)t>n't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks  or  excessive  markings 
which  ovcrllow  n>arking  blocks  will  register  as  errors. 

3.  DtMi't  ft>ld.  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4.  Don't  use  ink  or  arjy  marking  other  than  a  #2  black  lead  peneil. 

NOn:.  NUMBERED  I  E/VRNIN(;  01VIE(  TIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  KXI'iRUISE.  hi  parenthesis  after  each  item  number  on  the  VRH  is  the  Learning 
Ohji'dirc  .\'inn/H»r  where  the  answer  to  that  item  can  be  located.  When  answering  the  items  on  the 
VRi;,  leler  to  the  Lcaniini^  Ohjcc  ri\  cs  indicated  by  these  Numbers.  The  VRE  results  will  be  sent  to 
you  (^n  a  postcard  which  will  hst  the  acfual  VRE  items  you  missed.  Go  to  the  VRE  booklet  and 
locale  the  Lcaniin}^  Ohjccfive  Nu^nhers  for  the  items  missed.  Go  to  the  text  and  carefully  review  the 
areas  covered  by  these  references.  Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  f'.xammatii^n. 
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MULTIPLE  CnoiCH 


Ntfic  iff  Snuh'iti '  C  onsidcr  ail  choices  cnrcl  ully  and  seleci  the  hcu  answer  to  each  question, 

Nific  toStiulcnt    I  his  volunjc  review  exercise  contains  77  four-option  itcnis  and  3  three-option  items, 
I    (CO  I )  Skin  color  changes  caused  by  shock  as  a  result  of  injuries  can  be  found  on 

a.  the  palms  of  the  hands.  c.  the  nail  beds  or  eyelids, 
h.   (he  soles  of  the  feet.                                         d.  all  of  these, 

2.  (((11 )  Winch  one  of  the  following  statements  eoncerning  first  aid  is  false? 
:i.   A  person  administering  first  aid  deals  with  the  whole  situation. 

b.  In  administering  first  aid,  it  is  just  as  important  to  know  what  not  to  do  as  it  is  what  to  do. 

c.  In  athnmistcring  first  aid.  you  should  attempt  treatment  that  is  beyond  your  skill. 

ll    I  MM  aid  refers  to  ihe  treatment  given  the  sick  and  injured  before  a  trained  individual  has  administered 
nu  dK;il  IrcalmcMl. 

3  (CO.:)  I  he  second  step  of  the  foin"  lilesaving  steps  of  llnst-aid  is 

a.   (miiect  (he  wound.  c,   stop  the  bleeding, 

h.   prevent  or  treat  sho.  '  d.   ensure  breathing. 

4  id'Ol)  I  he  best  way  to  remove  clothing  from  an  injured  person  who  has  a  broken  leg  is  to 

a.  cut  tl)e  clothing  away . 

b.  have  the  injured  person  remove  it. 

c.  have  someone  lift  the  injured  person's  leg  to  remove  the  clothing. 

5.   ((  *()3)  !n  addition  !o  foreign  matter,  what  are  the  main  causes  of  airway  obstruction? 

a.   Vonutus  and  false  teeth.  c.   Vomitus  and  neek  position, 

h    Relaxed  jaw  and  vonutus.  d.   Relaxed  jaw  and  nech  position. 

b.  ((.  03)  I  Ik-  head  position  tli.ti  stretches  the  throat  of  an  injured  person  to  keep  the  airv^  ay  open  is  called 

M.    |.iw  hi*!h  poshion  c.   the  stretched  cjom  position, 

b    (Ik-  slanted  necked  posiiion.  d.   sword-swallowing  position. 

7.   (C*()4)  Which  e*>nditioii  indicates  artei  iai  bleeding? 

a.  I  .arge  amount  of  blood  flowing  from  a  wound. 

b.  RIood  oo/ing  trom  a  wound. 

c.  I  arue  amount  of  blood  spurting  from  a  wound. 

d.  I  .urge  amount  of  blood  oo/ing  from  a  wound. 

X,  ((  ()4)  .A  lourniquel  would  be  u.sed  to  control  what  type  of  bleeding,  if  any? 

a    Capillary.  c.  Arterial. 

b.   Venous.  d.   None  of  these, 

9.   (C(»S)  What  steps  must  you  lake  when  treating  an  injured  person  to  insure  you  do  not  further  contaminate  a 
wtHind .' 

a    I  )on  t  touch  Ihe  Wi)iMid,  apply  a  sterile  dressing,  and  use  :i  bandage  to  hold  the  dressing  in  place. 

b    l>n)be  iIk-  wound  for  fragments,  apply  a  sterile  dressing,  and  use  a  bandage  to  hold  the  dressing  in  place. 

L     I  car  up  yt)ur  undershirt  for  a  bandage  and  apply  it  directly  to  the  wound. 

il    \n\'  of  these. 
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10.  ((*n(>)  All  m'.uc*UM>n  th.u  a  \  iciini  h;is  unnc  into  deep  shock  is  that  the  victim  is 

.1.   c\ccssi\cl>  thirsiN  ,  c,    ;Mspmg  tor  air. 

h    rclchnii:  and  \ » >mii iMp  il.    lisUcs.s  and  lipadictic. 

11.  (C*()6)  Whicli  ol  ihc  lollowin^  iiii!ii.'s  should  yon  tu^f  do  when  treating  victims  tor  shock  who  liavc  a  vStoniach 
wonnd 

a.    Reassure  lliem  and  make  (hem  ;is  ciMnfortablc  a.s  possible 

h    Keep  liieni  \n  ai  m 

c     I  neom .ige  lliem  lo  drink  iii|iiids. 

d    C'oniinue  lo  ohsci  vc  diem 

12.  ((*()7)  Ideniilv  (he  ivpe  ol  ininM  vs  heiv  a  hitci  must  he  used  in  transporting  the  iniured. 

a.   ( 'oinp»>niKl  triieiiiie  ol  a  lee  c.    A  head  injury. 

h.   ( *omp«  mud  lia*.  liiu'  ol  .m  .n  in  d.    A  hack  or  neck  fracture. 

13.  iC'()7)  W  In  h  i\jie  o\'  iransptM lalion  would  be  the  he    when  you  arc  wilh  a  victim  who  must  be  moved  a  short 
distani  c  and  ymi  are  not  e\pi)scd  to  guiitirc? 

a.  l-iicman's  cari  N  c.   Pistol  belt  drag, 
t).   Two  hand  cany .                                              d.  LaitercaiTy. 

14.  (COS)  Ot  ihe  lollow  ing  heat  conditions,  which  one.  il  any,  is  the  most  severe? 

a    ileal  t  samps.  c.   Heat  exhaustion. 

b.  Ileal  siroke  d.   All  are  equally  severe. 

15.  (C*()K)  Wiiich  (^ni.  -^1  the  loIli>wing  tirst  aid  measures  is  applied  in  the  treatment  ot  all  ir^ce  heat  conditions,  heat 
stroke,  heal  exhausMiMi.  and  heat  cramps? 

a  Mass.ii'e  die  alTei  ted  area 

b  hnniei^e  die  lM)d\  in  the  t(^ldesi  water  possible, 

e  I  raitspori  all  e.iM-s  to  the  ncaiest  hospital  tacdily. 

d.  ( iiM'  tlu'  \  u  iim  water  •  oniainiiig  salt. 

H>.  Which  "I  die  lolltnxmi'  laciors  would  contribute  to  the  severity  of  an  injury  caused  by  exposure  to 

exticmc  cold  wcaiher 

a.  I  cmperatnre  c.    Wind  type  and  velocity. 

b.  Ilumuhiy.  d.  Allofthese. 

17.  (C*(W)  VVInuh  opnoii  CO! »eet ly  dcsciihcs  frostbitten  skin? 

a.  Wiiitish.  siiM  .  numb  rather  dian  |)aiidul. 

h.   (itavisli  in  color,  siill.  numb  rather  than  painful. 

e.  Wluiish.  numb  a'ld  [)andul 
d.    Whilish.  stitt  and  pairdul. 

18.  {i  '10)  Whv'i  ymi  ilo  ni>t  tcel  well,  you  should 

ii.  report  to  sick  call .  c.  treat  yourself. 

b.  wail  lo  see  it"  the  .sympli>ms  get  wnrse.  d    ask  a  friend  for  advice. 

P>.       10)  W  iieu  sluuild  \  on  eat  |i^(hIs  lUMncach  of  the  recommended  food  groups? 

a.   Monthly  c.  Daily. 

h    Weekly  d.   When  they  arc  offered, 

ad 
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20    (C  I  I )  W'iKii  IN  the  ihiul  line  ot  ilcleiisc  that  your  boily  proviiies  aginnst  inlcction .' 

ti.   ^       skin.  c.    Vnur  mucous  niCinbrancs. 

Iv    ^  our  hlookl.  d.    V(»ir  lymphatic  system. 

21 .  (CI  h  Which  one  ol  (lie  loliowing  alternatives  is  not  considcicd  a  passive  defense  against  disease? 

a.  l-alnig  properly.  c.   '1  he  use  ol  a  borrowed  cup. 

b.  ( 'lianL'ing  wet  clothes.  d.    Regular  sleep. 

22.  (CI  2;  Hclorc  airing  and  sunning*  you  should  shake  clothing  in 

a.  \<nn mom.  c.    the  open  outside . 
h.   Ihc  shower.                                                       d.   a  closet. 

2.^.  (CI  2^  ^  wu  sun  clothing  thai  cannot  be  washed  to 

.1    :.uir  ihe  matcnai .  c.   brighten  the  material. 

b    icdircc  w  rniklcs  d.   reduce  content  of  disease  germs. 

24.  (CI     When  )v)u  wear  pinchmg  shoes  on  your  feet » the  pinching  will  cause 

a    (unj'.us  mt'eciion.  c.   ingrown  toenails. 

b.  bunions.  d.   athlctc*s  foot, 

2.*>.  (CI.V)  \VI;ai  is  usuaily  the  cause  ol  ingrown  toenails? 

a.  Sock s  loo  huge.  e.   Improper  cutting. 

b.  Sneks  loo  small.  d.  Fungus. 

26.  (CM  4)  Wiio  cert  I  tics  that  water  is  safe  to  use? 

a.  Medical  persnnncl.  c.   The  user. 

b.  i^ise  engineer.  d.  Sanitation  personnel. 

27.  (CI4i  lb  v(»u  arc  in  a  liekl  situation  anti  need  water  and  a  lake  is  nearby,  what  action  should  you  take? 

:i.  Sknu  any  I  dm  .)r  i.ontamiiiates  Irom  the  surface,  fill  your  canteen,  and  drink. 

b.   II  the  waiei  is  clear,  dissolve  one  icxJine  tablet  in  the  canteen  of  water  and  drink  immediately. 

c    11  the  water  is  clear,  dissolve  two  iodine  tablets  in  the  canteen  ol  water  and  drink, 

d.   It  the  water  is  clear,  dissolve  one  iodine  tablet  in  the  canteen  of  water,  and  wait  20  minutes  before 
di  inking. 

2H.  (CI5)  Impruper  handling  of  food  in  kitchens  will  result  in 

a.  an  unusual  food  odor,  e.   a  shortage  of  food. 

b.  an  nnappcti/mg  appearance,  d.  contamination  of  food. 

2*).   (CI   i  A  5")ulging  can  of  food  indicates 

a.  an  overheated  can.  c.   contaminated  contents. 

b.  rough  treatment.  d.   poor  storage  of  can. 

MV   (CU))  Mow  deep  is  the  straddle  trench  latrine  dug  for  temporary  use? 

a.  I  i  ?  Icct.  c.    3  1/2  feet. 

b.  2  !.  ;  leet.  d.   4  1/2  feet. 
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M.   (('16)  Whai  IS  (Ik*  ininmuun  tlisiaiicc  thai  must  be  v:slnblish».'d  for  the  location  of  garbage  pits  to  a  drinking  water 
somve  • 

a.  2.'^  yards.  c.    7.S  y arils, 
b    SO  yards.                                                          d.    KH)  yards. 

.^2.  t('l7)  Whai  type  ol  disease  is  spread  by  lice? 

a    l"lu  e.   Relapsing  fever, 

b    I)\  sciKers  d.   Snaii  fcvci . 

17)  I  ]ve  louiul      pcrst)niK-l  nbiain  their  ti)od  IVoin 

a    body  powtlri  c.   lable  crumbs. 

b.  dust  particles.  d.   luiman  blood. 

.^4    ((  IS )  \V h.ii  lypcs  ol  di.seascs  have  flies  been  known  to  earry  and  transmit  to  humans? 

a.  DysL-ntery  c.  Typhoid. 

i>.   rholcra.  d.   All  of  these. 

35.  (CIS)  f  lies  pick  up  their  \\hk\  \k  iih 

a    nionihparts  that  act  as  sponges.  c.   tlieir  wings. 

b.  their  ieet  d.   hair  on  their  feet  and  legs. 

36.  (( 'M>)  Why  slu>uld  insect  icide  pi)wder  not  be  used  on  cats  to  control  fleas? 

a.   ( 'ats  are  si-n.sitive  to  powder. 

b    C  ats  lick  themselves  to  clean  their  fur. 

I  .K|uul  wt)rks  better  on  cats. 
.    l*owdcr  will  not  penetrate  cat  lur. 

37.  (C  *l*>i  I  Itiw  iUk's  the  Ilea  iraiisnitt  plague  to  man? 

a    l^y  cai  lying  the  germ  ou  the  Ilea  legs. 
I>.   I^y  tIcpusKing  eggs  ou  man. 

c.  I  hiDugh  (lu-  flea  bite. 

il    *l*hn)iigh  brcallnng  on  man  by  the  Ilea. 

.^K.   ((  "20t\Viiai  arc        types  ot  ticks? 

a.   Large  and  small.  c.   Black  and  brown. 

0.  Long  and  short.  d.   Hard  and  soft. 

39.  ((  20)  Where  should  you  grasp  an  imbedded  tick  to  remove  it  from  the  skin? 

a.  Close  it>  the  iin)uthpart.s. 
I>.    The  legs. 

c.    I  hc  abili>mcn. 

40.  t("2l )  Kock>  mountani  .spi>ited  fever  is  transmitted  to  man  by 

1.  ticks.  c.  lice. 
JT'^"^                                                          d.  chiggers. 

41 .  (C  21 )  Man  becomes  infected  with  trichinosis  by 

a    tick  biles.  c.   tly  bites. 

b.  ct>nsmning  infected  pork.  d.   breathing  the  germs. 
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42.   (( *22)  1  'u  eplu.Ms  (skv'pini.*  si.  knc  .s)  usually  at  leu  >  man  In 

a.   '  ^u«{ii5'  veNOie  hcadavl'.c 
U.   .  .a.Mii:.'  iiiicin.il  hiccdiui.'. . 

.ii-^ini!  severe  jiJuseuIiM"  pain. 

d.  ail-.^etipu  llie  eenl;al  nervous  s\siem. 

4.V   (l*2.>)  What  IS  the  [iriniary  Jisadvantaiie  of  indirect  (ibservatu  ^ 

i\.    :  :ii  ie;.chini;.  .overs  i;iriie  areas.  c.   Costly  in  human  lives, 

h     >i-vlu.  ev  ;i  ivro.tl  ol  iire.t  observed.  d.   Seldom  allows  detection  of  movement. 

44.   tv  '2.>)  Which  o!  the  loliowini:  alternatives  is  a  camouflage  method? 

i»    Midii^-.  c.  Deceiving, 

h    i^l.Muliiip.  d.   All  of  these. 

4.^.   (( '24  '  \v  :u*  M  ol  iiK'  lnlK>\\  mo  jiiaierials  may  best  be  u^ed  for  skin  toncdown? 

J  «,i  soi!  e    Shoe  polish, 

h    til!  -lUnik.  d.   Skin  toner. 

46.  h  si;iieiiuMii  is  .<Mrcci  pertamint!  to  your  action.s  alter  you  hear  a  Hare  pop  and  it  illuminates  the 
aiea? 

a.    Kim  h M  the  ne.n\*st  ei»\«.r. 

b    I  hi  P  to  ilie  iiiiMMu!  and  remain  nu)tionless. 

e.  t  cec.'c  hi  place  with  your  face  pointed  toward  the  ground. 

J.   I  lei  /e  m  place  and  look  toward  the  direction  of  the  flare  to  detect  and  fire  on  enemy  movement. 

47.  ((*2.S^  (  .^1  the  T'lllnwinu  staiements  pertaining  to  conceahnent,  which  one  is  true? 

a.  ( ':Hu  c.iiment  is  iNX)tcetu)n  from  enemy  invasion. 

h.  ( 'ot;<.,.\;h:ic!ii  :nay  be  naturaL  such  as  bushes,  grasses,  and  shadows. 

c.  ( ■om  eaiment  should  not  be  artificiaL  such  as  burlap,  or  nets. 

d.  *  ofKCMhueni  is  protection  frt)m  enemy  fire. 

4K.   t(  "2(11  i;i  the  uishin.u  tcchnn|ue.  what  is  the  rnaxitnum  distance  you  should  try  to  rush  at  one  time? 

a.  S  meieis  j  s  nielers. 
o     MMueieis                                                         d.    20  meters. 

4*).   i(  '27i  Wiiat  eiements  wouhl  uovern  the  advancing  of  a  unit  while  it  is  under  enemy  fire? 

a     i  1,0  Mumher  n\  personnel  movmg  and  the  manner  in  which  they  move  depend  on  the  size  of  the  unit  and 
lei  I  am  only . 

b.  '  Ur  number  o!  pcrvonnol  loovm^  and  the  manner  in  which  they  move  depend  on  the  terrain  and  volume  of 
he.  'leiii;:  received  oiii\  . 

c.  .  n  •  munber  ol  personnel  movini:  and  the  manner  in  which  they  move  depend  only  on  the  number  of 
j  eis..m!el  m  Die  unit  and  lire  heujg  received. 

d.  ■»  li'/  rumbe.  o!      rsminel  moving  and  the  manner  in  which  they  move  depend  on  the  enemy  fire  being 
leceiNeJ.  unmbei  ot  persiinnci  in  unit,  and  terrain. 

(('27)  When  vour  unit  is  umlcr  heavy  enemy  fire,  what  is  the  safest  way  for  the  unit  to  move? 

a.  hi  Jiiiup  .  i>r2  Hi  V  c.    By  squads. 

b.  ladivulualuKnemeuL  j.   Move  the  entire  unit  at  one  lime. 


721 


55252  U7  22 


51.  (CZS)  When  dividing  yoiii  torcc  inio  base  of  fire  echelons  and  maneuver  CLhclon,  what  would  be  the  iwo 
factors  u>  consider? 


a.  Tiinc  ol  dav  tUul  siiuanon 

^       b.  l*lcnK*ni  of  surprise  aiul  lime  of  day . 

e.  Smuiiioii  and  iho  inteurity  of  ihe  elements, 

il.  Time  nl  day  aiul  available  cover. 

.S2.  (C'2^>)  \Vh;if  type  ol  pjtrol.  ■!  any.  would  be  identified  with  the  assigned  task  of  locating  specific  enemy 
pDsttJoiis  and  recDMl irmme  prr vious  dala? 

a    Au'.i  Mirveili;iiK'e.  c.    Point  reconnaissance. 

b.  /\rca  u\'onnaiss;mec  d.   None  of  these. 

.S3.  Whai  (ypeol  coinbai  patrol  has  the  mission  oi  screening  or  covering  the  flanks  of  your  position  or  area? 

a.  .Sc<  uMiv  pairol  c.   Search  and  clear  patrol. 

b.  A:ubnsl)  patrol.  d.   Hconoiny  of  force  patrol. 

34.  (C'.^O)  Whai  ivpc  nl'  piiirol  wouk)  bcsi  be  utilized  to  act  as  a  blocking  force  to  allow  a  major  effort  to  be  maile 
wilhoni  mtci  ii-rencc  at  another  locaHon  ' 

a.  Srt  urii\  pairot .  c.   Rapid  patrol. 

b.  Ambush  patrv)!.  d    Economy  of  force  patrol. 

53.  (C  3I )  To  nu)unt  a  ct»unteratiack.  what  essential  information  must  you  have? 

a.  I  he  si/e  oi  thc  enemy  lorce. 

b.  1  ypc  t)f  weapv>ti  t.r  weapons  the  enemy  force  has. 

c.  liow  well  pii>tected  the  enemy  force  is. 

d.  All  ol  these. 


36.  (C'3I)  In  a  coniI)al  assaidi.  the  purpose  of  the  base  man,  team  or  squad  is  to 

a.  ):tvec(»\ei  lire  to  die  ;idvancitig  li)rccs. 

b.  assist  IP.  the  cv.tcunlion  ol  wounded, 
n^iinol  the  sp  \-il  « H  difciion  of  the  iissault. 

d.   .tcl  as  .•.  iv.u  L'l'  ' d . 

37.  (CO)  ni  the  e\ain|>les  |'i\'cn  l>;-low.  select  the  one  that  applies  to  actions  It)  be  taken  in  both  near  and  far 
ambush 

a.    1  iiose  ivisoiinel  not  ni  the  kill  /one  maneuver  against  the  ambush, 

b    Ihe  alfjeK  or  return  lire  is  continued  until  the  enemy  po.silion  is  destroyed  or  you  are  ordered  to  break 
contact , 

c.  The  assault  or  attack  should  always  be  on  the  ambush  position, 
d    Retreat  as  rapidly  as  possible  without  awaiting  orders. 

3K.  ((        What  is  the  best  way  to  niter  and  search  a  building? 

a.  Www  I  Ihe  building  irom  the  top. 

b  l;nter  the  building  through  the  basement. 

c,  bjiter  the  building  at  the  first  tloor  level. 

d.  Any  door  or  window  on  basement  level  of  the  building. 

59.  (C  33)  I  he  primary  objective  ot  a  search  and  clear  operation  is  to 

a.  clear  the  area  v>f  hostile  troops. 

h    ram  cmiirol  ol  enemy  territory. 

1. .   ■  liimnaie  hostile  I'orces  ami  renu>ve  biH)by  traps. 
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60.  (C*34)  WlM^h  oi  {\w  <U\Wmcn{s  correctly  identifies  the  degree  of  protection  thai  field  tbrtificalions 
c;in 

:i.   CniiMriKtuni  ;uKt  sircn»Mh  of  the  fortification. 

h.    How  wcW  yuii  clisiriUuli'  ihc  Inrtifications  wilhin  th   t;»ctical  defense. 

c.  Wow  well  you  adapt  thcni  to  the  terrain  and  conceal  them  from  enemy  observation. 

d.  All  i>f  these. 

61 .  (C*34  •  \v'h;»i  ilctcrmines  the  extent  to  which  you  would  disperse  while  on  a  combat  mission? 

a.   Mjssion  ol  ilirunii.  c.  The  enemy  situation, 

h.    1  v|H*  i>l  icrram.  d.   All  of  these. 

62.  ( >!  (he  rollo\v!!!»:  ^Ick-nsiv<.-  p(>s!(ions,  which  (>nc  would  provide  the  most  protection 

a.   I        cniplai  rmcui.  c.    Prone  emplacements. 

I>.   Sli»  I)   K  ici  d.  Foxhole. 

63.  (CMS)  U'h^.-.]  consiructin^  youi  defensive  position,  what  items  should  you  use  to  conceal  your  position? 

a.    I  ires  and  hiush.  c.  Soil. 

I>    K<M  k  d.   All  available  natural  material. 

64.  (C'.Uv?  W'h.ii  ;iu-  (he  ilcici  nuiung  i'actors  in  (he  classification  ol  tactical  barriers? 

a.  inli  ndc<.l  use  ol  the  harrier  only. 

b.  I)c)>ih  of  the  barrier  (Mily. 

c.  i'yp^'  ol  harrier  used. 

d.  IJm*  and  depth  ot  the  barrier. 

6.S.   (CMm  Whicli  type  id  barrier  would  be  best  suited  lo  break  up  enemy  attack  formations  and  channel  the  enemy 
into  arc.is  ni  iiu>s(  intensive  l  ire  .' 

a.   I'nit,, .  iivi*.  c.  Supplementary. 

;>     I'..ti..d  d.  Belt. 

()6.  ((*    )  ,\i  w  ikjt  lijsiaucc  \vi>ii!d  sUmdolf  fcncinu  be  best  utilized  from  the  defensive  position? 

a.  0  itf  kvL  c.   2.S-40  feet. 

b.  lO  ^.Stcct.  d.  4()-.S0feet. 

67.   ii'M  I  [:\  liic  cri  L  imn  nl  a  pi  nniclcr  I'cnce.  what  must  you  take  into  consideration? 

a.  I  h'.*  k-ncc  uiusl  have  dci>lh. 

b.  Si-ntnc*  iiuist  be  alert  in  maifitaining  surveillance. 

c.  !l  ?n\isi  be  edeciivcly  covered  by  defensive  fire. 

d.  A;'  ol  these. 

6X.   ((*38)  W'hieii  ol  ihc  lv>ll()\vinL»  statements  pertaining  to  a  convoy  h  false? 

a.  A  ci>ii\<>y  IS  ihe  nioveuicni  of  a  group  of  motor  vehicles  under  the  control  of  a  designated  person. 
h.    Mi  eoiivoys  iiie  uiu'e;  liic  control  of  a  convoy  commander  who  must  be  a  commissioned  officer. 

c.  Noriuid  eonvoys  arc  ilmse  that  do  not  exceed  any  legal  limitations  such  as  widths  length,  height,  etc. 

d.  C  oinoys  are  niMiuallv  classified  as  three  types,  normal,  hazardous,  and  convoys  transporting  classified 

i.\|uinnienl . 

6^).  I '  Mh.i:  eiM^vny  lerm^.  what  would  be  referred  to  as  the  average  speed  of  a  motor  column  ovei  a  period  of 

titne.  melmiinu  sliori.  pe!  iodic  haks'.^ 

a.  l  une  distance.  c.    March  unit. 

b,  March  juaph.  d.   Rateof  march. 
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K'^^M)  In  u  route  rccoiuunssaiwc.  uhut  sources  o\  information  are  valuable  to  insure  your  convoy  would  not 
nicur  any  probk-iiiN  * 

a.   Stale  lu,L!hwa\   >r  inihiarv  maps 

b    I  Vr^onal  kiii>A  \         (»i  the  pioposcd  route  ot  li  avcl . 
e.   State  pohee  atui  Aoalher  InrceaNtcrs. 
il.    All  ol  these 

(( 'Kr?  In  u  hat  pi'^mon^  ui;  liu-  v  ,Iik  le  should  warning  signs  he  placed  on  vehicles  carry  nig  cxplosiNcs? 

.1     I  II  in!  and  leai  tuiK  e.    Both  sides  only. 

h.    Uear  and  side^  oidy.  d.   Front,  rear,  and  both  sides, 

-H))  When  \ehieles  in  ^oiUi>\  are  transponing  explosives,  what  is  the  iuinimum  distance  that  must  be 
inaitnamed  between  {\w  vi  liieles  * 


U  '4  I )  V\  hich  oi  the  li)llou  irg  statements  pertaining  to  close  column  fonnations  h  false? 

a.  (')i»se  L  olinnn  lt»imatioii  provii.les  for  rapid  dispersion  ol  vehicles. 

h.  in  a   lose  et>iumii  loimatitin.  the  full  traffic  capacity  of  ihc  traffic  lane  can  be  used. 

e.  Cohinm  control  is  meieased  as  the  vehicles  arc  closer  together. 

vi.  ( \.iamumeattons  are  bettci  and  fewer  guides,  escorts  and  markers  are  needed. 

((41)  Vvlncii  of  the  followmg  statements  concerning  open  column  marches  is  false? 

a,  l  lic  dl^tanee  between  vehicles  is  increased  to  provide  belter  protection  from  enemy  activity. 

b.  I  lus  march  permits  greater  speeds  with  more  safety  and  reduces  driver  fatigue, 
e.  This  mareh  permits  greater  tlcxibility  in  planning  moves. 

d  This  mareh  is  easier  to  command  and  control  as  radio  communications  are  used. 

t(  -I.!*  I  The  primal  \  riiiietit)n  td* a  march  graph  is  that  it  is  u.sed  for 

.1.  leoiidim:  the  pi  ogress  ol  a  convoy  over  a  givcti  route. 

b.  planmii).'  mo\en:cni  oi  a  eonvt)y  over  a  given  n^ute. 

V  eonliol  ol  !Ik  inovemenl  of  a  convoy  over  a  given  roulc. 

d,  all  of  these  j>uiposes. 

((*43i  Wiiieh  ol  tl;e  >.!a!em  ;nts  pertaining  to  large  convoys  \s  false? 

a    l.aiL'c  eonvovs  are  made  up  ol  three  internal  parts,  head,  main  body  and  trail. 

Iv    l)eta«.  hed  paiiics  advance  ;tiui  followup  arc  not  part  of  the  main  column  and  work  separate  from  it. 

e.  In  laiee  ei^nvoys  the  timet  ions  of  the  three  internai  parts  may  be  combined. 

d.  i  he  part  ol  the  et)n\  o\  Unit  may  be  subdivided  into  march  units  and  serials  is  the  main  body. 

(C44i  \Vhieii  tMie  ot  the  fi  llowing  (»piions  identifies  the  best  type  of  intracolumn  communication? 

a.  Visual  hand  and  arm  signals. 

b.  Two  way  radios 

e.  Whistles  or  other  audi liie  sounding  devices, 
d.  i'lavs  ol  ililTcrent  colors  and  shapes. 

t(M4>  What  Ail  \        puMieation  governs  the  use  of  hand  signals  for  convoy  control? 


h.  1 


a 


1(H)  Kvl 
leet. 


d 


M){)  feet. 
4(K)  feet. 


a.  M  K  L)7  H)|. 

b.  Al  M  Ii7-I01. 


c.  AHM77-2. 

d.  AFROl-02. 
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79.  (C45)  Whi-n  columns  ;jrc  ii  illcti.  M  vvluU  minimum  distance  must  clear  visibility  he  to  the  front  and  rear  of  the 
column? 


a.  100  viiuls. 
h.    200  varils. 


e.  .^t)0  yards, 
il.   4(K)  yards. 


80.  ((*4,S)  I  )unn^i  lialts.  wlvu  .mic  (he  responsibilities  ol  Dfticers  and  nonconunissioncd  officers? 
a    ( *hrck  vehicles  and  piTlurni  operators  maintenance . 

I).   M;tke  necessary  ins|»ccni»ns  (d  nisure  resumption  of  movement  of  the  column. 

c.  Tost  jiuards  and  ch».-L  k  \  chicle  lues  for  proper  innation. 

d.  Check  secuiity  of  h)ads.  welfare  of  personnel,  and  the  performance  of  operator ',s  maintenance. 


The  rcmannnj'  (|ucslions  aic  noi  pai1  of  the  Volume  Keview  blxercise  (VRH).  Yon  must  compled'  and 
f  i  iiun  ///<•  *uf.s\\'i'f  \hc('(  imnkcd  "Student  Sttrvcy"  to  rccciir  your  end  of  coufsv  examination  (CE). 
Tins  siiivt  V  will  not  allcct  y^iur  score.  We  need  your  opinions  of  how  well  the  CDC  supports  skill 
progrcs  MMU  lor  du  cnine  Al-'SC  and  how  well  you  view  course  content  and/or  service.  Your  name  and 
.SSAN  \».dl  he  disasstviated  from  your  responses  to  the  survey  prior  to  tabulation.  (See  Privacy  Act 
statement ). 

Using  a  muDhcr  2  iicncil.  indjcale  what  you  consider  to  be  the  appropriate  response  to  each  survey 
t|ucstion  on  your  aiisvvir  siieei  labeled  ''Student  Survey."  Do  not  respond  to  questions  that  do  not 
apply  to  yon.  ^  oin  c  ooperation  will  help  both  A  TC  and  hCI  improve  the  quality  of  our  service  and 
course^  :tnd  you  li  have  an  aciive  part  in  the  management  ol  Air  Force  Career  Development  Education 
auil  \  \  ainm^' 

IMcasi-  ki-c(>  y(nn  stndcni  MiiAry  answer  sheet  ^^9  0!  All  VRKs  plus  the  answer  sheet  for  W  01  must  be 
subnnticd  bclorL-  \ou  w  ill  icccive  your  course  exann nation. 

PRIVA(  \  A(  I  S !  A  I  KMllN  I 

A    Amhonly  ."^  D.S.C.  .^01 .  Dcportmental  Regulations 

U    l'nncij)al  Tniposc     1  o  obtain  student  input  ct)ncerning  KCI  course  materials,  examinations, 
.uinunistralion.  and  student  stutly  methods  and  support  educational  research. 

C    K«»unnc  Uses  <  iionp  data  will  be  used  lor  routine  course  evaluation  and  improvement, 

!.   Which  ol  (he  loJIownii^  hcs(  ilcscribes  vour  current  Department  of  Defense  status: 

a.  USAI  ac(ive  limy.  c.   USAP  Re.serve/ANG. 

b.  Civilian.  d.  Other. 


KNDOK  EXKRCISE 
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2.   Mark  <lic  iicin  liiiii  best  ilescrihes  the  ».ounseiing  you  i  v  civcd  prior  to  enrolling  inlo  this  course: 

a.  1  was  counseled  by  Base  Hducation  Services  IVisonnc! 

b.  My  ()J'l"  l*rainer«  Manager  counseled  me. 

c.  M\  supervisor  and/or  tVicnd  told  ine  all  1  needed  to  know  before  1  enrolled, 
d    I  received  no  counselinj:. 

U  M^u  voni.icied  \  .('\  Un  any  icason  during  your  enrollment,  new  would  you  describe  the  service 
pi  ovhIciI' 

a    l.xcelleni.  e.  Unsatisfactory. 

b.  Satisfacior>  .  tl.   Did  not  contact  ECI. 

4.  I  enrolled  ni  iliis  course: 

a.  As  a  mandatory  enrollment  for  upgrade  purposes. 

b.  I obtain  WA1\S  .study  material. 

c     lo  increase  my  chances  of  cross-training. 

d.  F*M  my  i)wn  personal  benefit . 

5.  (t  'SAFh  only)  How  long  did  it  lake  to  receive  your  course  materials  after  you  received  notification  of 
enrollment? 


6.  ( rAC'Al-  only)  How  long  diil  it  take  to  receive  your  course  materials  after  you  received  notification  of 
enroll  njciU? 


7.  (ALF  \\XC\iPT  USAFH  AND  PACAF)  How  long  did  it  take  to  receive  your  course  materials  q/ifer  you 
received  notification  of  emollmeni? 


8.   What  was  the  condition  oi  Ihe  course  materials  you  received  from  ECI? 

1.  A  complete  set  of  well-packaged  materials. 

b.  An  incomplete  set  of  well-packaged  materials. 

c.  A  complete  sci  of  poorly-packaged  materials. 

d.  An  incomplete  set  of  poorly-packaged  materials. 

Tiie  amount  ol'  tunc  I  spent  posting  changes  to  this  CDC  was: 

a,  I  CSS  than  M)  mmutes. 

Ik  iU-tw cm  U)  njinutes  and  I  hour. 

c.  Mm-.'  than  I  hour. 

d.  Nunc,  as  there  were  no  changes  to  post. 

10.  The  overall  reading  leve?  of  the  material  in  this  course  is; 

a.   Much  loo  high.  c.  About  right, 

n.  Slightly  high.  d.  Too  low. 


a.  l-*>days. 

b.  10-19  days. 


e.  20-29  days. 

d.  30  or  more  days. 


a.  I  W  days. 

b.  10  l<>davs 


e.  20-29  days. 

d.  30  or  more  days. 


a.  I  W  days. 

b.  10-19  days 


c.  20-29  d<-.ys. 

d.  30  or  more  days. 


EKLC 
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1 1,   if  you  h.ul  ililTioulty  uiKlcistanding  any  of  the  course  inatcruils,  did  you  experience  ditt'iculiy  with: 

a.  *l  he  ii't  lum-al  uunnnalion  tvlc\  arU  lo  your  AhS( 

U  Till-  «u>u  t»*chnu  ;.l  iuloinKaion  rclaicd  to  your  .\I-S(*  (i-  u.  scLurity). 

c.  All  Ml  inalciuds. 

d.  None  ol  llie  nuilciMl 

(2.    riie  illusirjuons  in  the  course  nialerials: 

a.  Were  ol  high  Cjualuy  and  aided  learning. 

h  V\  '/ie  (>{  jxuu  <jualiiv  aiul  w^-rc  still  usctul  to  some  degree 

c  \\  cic  t»l  no  value. 

d  I  hi-ir  wore  ni»  d!ns(i:tiion^ 

1.1.    Ihe  h>::ua;  i»l  die  icM  u'!^;ccir  c  tollow cd  hy  narrative  and  cxtreiscs)  l:c!pcd  vac  study. 

a.  St«Mi:i»iy  ague  c.  Disagree. 

h.   .'\jMce  d.   Strongly  disagree. 

14.  1  he  vohune  leMcw  exLiciscs  were  hciplul  in  reviewing  course  information. 

;i.   StioMiMv  :iLMve  c.  Disagree. 

h    AiMc;-  d.   Strongly  disagree. 

15.  The  leaiiMfiL'  fh|een\i-  exercises  in  my  CDC  helped  nic  learn  the  material  presented  by  the  texts. 

a    SiroH^ly  agree  c.  Disagree. 

b.  Agiec.  d.  Strongly  disagree. 

16.  llowmiK  hol  die  tiU* >i  niaUon  in  this  course  is  covered  adequately  by  other  sources  (e.g.  PME)? 

;i.   I  V  vdi.in  lOVf .  e.  2{hM)7r. 

b    HI  i'rji  d.   I  do  not  know. 

17.  'Hie  (MX  .Iocs      rclei  lo  pei>ple  in  terms  denoting  gender,  race,  or  ethnic  background. 

a.   Si  I  one  I N  ai-rr;  c.  Disagree. 

h.   AiM'V  d.   Strongly  disagree. 

IK.  (.MA.M)A  1  ()H\    i:\R(>i.l..VlhN  IS  ONLY)    Which  rating  best  describes  the  usefulness  of  the 
itdornKitii)!!  in  this  <'nur.».e  .mi  ynur  upgrade  program? 

a.  rscellenl.  c.  Marginal. 

b.  S:lli^i;lctoly.  d.  Unsatisfactory. 

19.  *l  he  tei.hf5»L:il  inioi  malion  in  tins  course  is: 

a.  ^HMiKi'r  euuvnt  c.   70-79'^^  current. 

h.   SO  .s^)',.  Luneni  d.   Less  than  70%  current. 

20.  I'he  (  i  )^  "  u  MS  too  Ion;.:  and  complex 

.1     aitMieiN  a>  lee  c.  Disagree. 

b     \)  ii'e  d.   Strongly  disagree. 

21.  I  he  C  iX*  material  reviewed  but  did  not  excessively  repeat  what  I  learned  in  technical  school  or 
thitnigh  a  [irevious  CDL  . 

a.   SiitJUgly  agree.  c.  Disagree. 

1.    .'\giee  d.   Strongly  disagre^  2  y 
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22.    l  lio  iiKilLMial  prcsLMitcd  hy  the  CMX"  helped  to  prepare  nic  Wn-  work  in  any  job  ^A-ithin  my  An  Forec 
SiK-ejaltv 


S(K'e»al(y 

a.  Strt^njily  agree.  e  I^isa^jree. 

b.  Auree.  il    Strongly  disagree. 

23.  'The  CDC  material  inercased  my  earcer  knowledge  . 

a.  Strongly  agree.  e.  Disagree. 

b.  Agree.  d.   Strongly  disagree. 

24.  The  CMX'  material  gave  me  a  satisfaetory  knowledge  of  the  technical  areas  of  my  AFSC\ 

a.   Siu)ngiy  agree  e.  Dj.sagrec. 

b    A^Mcc.  d.  Strongly  disagree. 

25.  The  techiucal  maJenal  in  the  course  was  written  such  (hat  I  could  understand  il. 

a.  Strongly  agrcj.  c.  Disagree. 

b.  Agree.  d.  Strongly  disagree. 

26.  Procedures  tiescribed  in  tnc  CDC  were  general  and  did  not  require  actual  work  experience  to 
understand 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.  Slrongiy  disagree. 


NOIL:  11  you  know  this  Cl^C  conCains  outdated  inrorniation  or  does  not  provide  the  knowledge  thai 
(he  current  specialty  training  standard  (SIS)  requires  you  to  have  Tor  upgrade  training,  contact  yotir 
ntui  Oi  l  a4lvis4)r  anil  iill  out  an  /\i  \  orm  I  2K4.  Training  Quality  Report. 
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STUDENT  REQUEST  FOR  ASSISTANCE 


PRIVACV  ACT  STArrMKNT 

/VI  ■  I  I  M  nil  I  V  It)  ir.>  ilU  I  /  .tiKl  (  w  I  W  /  I'liiNLtPAl  PUHPO&RS  To  provid*  tlud*  h  I  auttUita*  •  »  gu«tl«u  iiy  I  ii<J  I  <•  Ka<<  I  u«  d«n(«  MOMVlMt 
H'.r  s     I  hit  tuMTi  i\       I'p't*  It  I  co«ir»«  pj«  ti         Ill*  u  I  nil  ad  by  th*  iludtnt,  «t  n«*d*d,  to  ol«c«  an  inqutty  w<ih(ci.   PI%ClubV>Mr  VotuMt4»y 

rtir  •iiliirMi4lloii  rniuw^lPd  o«i  tito  ti«rii>  i«  ni*#dPt)  'ni  •iiptdltiOiii  tiandttng  of  Iht  tludani'i  n««d.  F«tlur«  to  nrnvid*  «tl  I  niormat  ion  v«<miIi1  idiull  m 
^li>Mi-i  .1,  t<on  III  iiialMhIv  |o  umivmI*  jiti^i.ioc*  In  thr  )IU(Jrnt. 


<IU)NI     (  OHR>  C.l  ID  OK  I  AIT;sr  1:NR0LLMF.NT  DATA:     (Moii  ii»     tU.  ^>tinfrr  A  hS  AI  Jfiil.<) 


(I  I 


-TV 


r  M  F»0»,  I.Mr  ^«  T  1>AT» 


St   t  I  A  I     ^  I   I   I  4  I  H  1  Y    N  U  M  11  r   I  *    t  '        1  '»  > 

1  _L_i.-.i_i_J 

H       A  I  I  I  MM  S*. 

(iff  /  {  nr.'itn'K  «ir  I'ij/  /-..•;.-  iv- •'r'Ti 

u  Iff'  -iff  Atl'XfK-r^      .........  .w'/.Mi' 


4    A»iri>v(.JN  rs»ijMf»i  I 


7,  NAMt  ff-trsf  intftaf  n'Ct>ni/  initial  lu\t  narr.y  T 


«•     NAM!    o»    WASf  CI*  IM»TA<,  L.AtlON  ir  NOl   4HOWM  A  BOVC 


»0.  TE»T  CONTROL  OFFICt  ZIP  COOC/SHREO  tl  I  39) 


SECTION  11;   RFQUESr  FOR  M  AT  t  R I ALS  .  RECO  RDS .  OR  SERVICE 


,  n    \    '*-f';4\:!>  n:ini'>ir  tn  fntx  it*  h'ft  iff  scrvivv  rCcfUC^frJ) 




)     RiM|uesl  .lUitrtTsv  charnje  ns  inrltcrtted  in  Section  I. 
\*  :  Hvn\tv.\\  •"sl  Control  Officr  (  hjn<5«      indicated  in  Section  1. 

t  ion 


I  iRtMiiic  i  tMtno  cttanoe/co< ruL t loi 
^    '    '  (ProvMU-  Olrl  or  Inciirirrt  dtitrf) 

I 


A     Mi>i|(ii>%|  itt -idc/KjnK  ctiorgcv'»  ot  I  ft  I  ion 

(l.orrr«  t  S!>AN  ^ho«iKt  h*:  shoAii  in  SdCltun  I) 
*i   I  I  Hiisid  codi'j**  .  uii)|.<lt-tioiWt«it«t         (Justify  in  REMARKS) 


/  '  Rpmin^t  pntcli.  i.-n*  c.»rc#^li;ition. 


Send  VRE  on^wc,  sheet',  to*  Vol(s):  1  234S6789 
•  Origin.iK  ATrf  *      ;  Nut  ret f . t o      f. »  Lost     T  )  Misused 

I  Scnc;  LOix^c  titdl*iruit4.     {*,u**ci\ /  in  REMARKS) 
'  I  J  Not  fecivefl      l  »  l.oit       '  '  Daindged 


]0  J  Coiitse  fxdin  not  ytt  '<»L»?fvn«i    r«iiol  VRE  vubrriitted  for  grading  on  

,^  :  Re-ujlTs  foi  VRl  Voi(i)   I     2     3     4     f>     6     ■/     8     9    not  yet  received. 
;  Answer  sheet{s)  ^uLinitleO  .  .     .   (:iate). 

I  2  '  Results  for  CE  not  yet  rpccivcU.  Answer  sheet  submitted  to  EC  I  on^  


.{date). 


.  (date). 


J   13  ■  Previous  mqutry  (i  1  ECl  Tm  I  /,    I  -  Ltr.    '  i  Msg)  sent  to  ECl  on^ 
I  A  I  GtVM  instructional  ossistance  a',  rocjuestcd  on  reverse. 
1  S  1  Othrr  (f  -plain  tulty  ko  REMARKS; 


(date). 


POR  tC  I  USL  ONLY 


V  (I  k    1  »      I  n  ('.Hi*      t  n 


Vol  33  -  35  TC  It. 


3  3  34 

3  9  ~«7^ 


voiump   .IS     3  ; 


Oil  STilO».  NTS  nMi*l  ^''Av^  )r)rn  OJT      '  I     m  i|t  r4  to* 


«u  s   nTucR  ST  MDFNTS  may  cnlH  ;  li'r.r  own  rpqi>->it\. 


I  ct'lity  Ihjt  th«  Information  on  thil  form  It  jccurjte  and  thil  thti  requeit  Cinnot  be 
jnlwwtrrd  4t  trtit  Itjtion.  (SK^lOfUrf) 


ECl        '  ^''^N^ 

OCT  » 


IPKIVIOUS  lOKIUNS  WAT  It  USIO> 
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SF.crioN  III    F^LOursr  ron  instmuctor  assistance  ' 

NOrr     0»l^•^^♦on^  tw  t.oin?iU'Ot%  telatinq  to  the  accuracy  or  currency  of  tubtect  matter  ;       'd  be  forwarded  directly  to  preparing  agency. 

For  nnuiMliali.'  tespon%c  lo  thc^i?  iji  fcjstions.  call  or  write  the  course  author  directly,  u>)ng  the  AUTOVON  number  or  address  in  the 

preface  of  r^rli  votiimt'.  Ati  other  inquiries  concerning  the  course  should  be  forwarded  to  ECl. 

VRf:  Item  Out.'stior^ed: 

MY  QUESTION  IS: 

Course  No 

V Illume  i\o               .  . 

VHT  ft^n^  No 

An  V.  I  t  V  ,tti  i'  hovr 

(1  (filer) 

Has  VMt  /vn.wrr  Sheot 
lii-tMi  'iiibMiitted  lor  grading? 

1  1   Vtr.          :  1  No 

(Textuai  r»:fercncc  for  ►ho 
ari-iwcr  1  chose  can  be 
found  as  shown  below) 

in  Voiunne  No  — 

On  Paq«'  No    

In    I  lleft    I  ')  fiqht  cottrnin 

Lines  Ihfouijh  

M  t  M  A  HK  r. 

ADDITIONAL  FORfVlS   17  available  from  trainers,  OJT  and 
Education  Offices,  and  ECl.    Courst  workbooks  have  a  Form  17 
1                                                       printed  on  the  last  page. 
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